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FOREWORD

The Department of Housing and Urban Development
is concerned with the livability of residential
properties. Increasing concentration of living
units in urban areas makes noise control imper-
ative.

Through its Technical Studies Program, the Federal
Housing Administration has sponsored research in
this area to provide guidance toward achieving a
satisfactory measure of control. This guide
presents our latest research findings.
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PREFACE

Under the sponsorship of the Federal Housing Administration

Technical Studies Program, the National Bureau of Standards

has developed and prepared this Guide for the beneiit of

architects, designers contractors, builders, an housing

officials to assist them in meeting the growing public demand

for control of the building noise problem, particularly in

multifamily dwellings.

Surveys have established that the most common complaint among

apartment dwellers where noise is involved is its transmission

from one apartment to another within the building. Typical

noise sources are television, radio, stereo, occupant activity,

plumbing fixtures, electro-mechanical equipment, and household

appliances. To minimize the annoying disturbance caused by these

sources, architects must have a general knowledge of the principles

of noise transmission and be able to apply proper design techniques

in order to provide effective controls.

With these objectives in mind, this Guide incorporates a broad

range of criteria appropriate for isolating airborne, tmpact,

and structure-borne noise associated with residential con-

stIuction. Sound classificdcions represented in the most common

types of building construction are identified. Also included

are summaries of a number of foreign codes now in existence.

This Guide incorporates previous impact noise research performed

by Bolt Beranek and Newman and sponsored by FHA. The FHA

Minimum Property Standards will reference this NBS Guide.
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TERMINOLOGY

The definitions of some terns used most frequently throughout this
guide are assembled here for convenience.

ABSORBER, SOUND. A device, panel, or material specifically designed
to absorb sound energy. Such devices are usually constructed of porous
materials composed of organic or mineral fibers.

ACOUSTICAL DESIGN. A consideration of all factors bearing on the
achievement of a desirable acous *.cal environment, including the
selection of building sites, ori t. tation of buildings, space arrange-
ment within buildings, and proper selection and installation of wall and
floor assemblies, building equipment and services.

ACOUSTICAL PRIVACY. The assurance that there is suf ...at insulation

from intruding and disturbing noises.

ACOUSTICAL TREATMENT. The application or use of any sound absorbers,
building materials or structures and construction techniques for pur-
poses of controlling noise and improving the acoustical environment.

AIRBORNE NOISE. Noise radiated initially into and transmitted through

air.

AMBIENT NOISE. The quiet-state noise level in a roma or space, which is

a composite of sounds from many external sources both near and far, over
which one individually has no control.

ATTENUATION, SOUND. The reduction of the energy or intcnsity of sound.

AUDIBLE SOUND. Sound which is capable of being heard.

BACKGROUND NOISE. The sound level present in a room or space at any
given time above which speech, music, desired signal or sound must be
raised in order to be heard or made intelligible.

BAFFLE OR BARRIER, SOUND. A shielding structure or partition used to
increase the effective length of a sound transmission path between two

locations. Such structures often are constructed or surfaced with
sound absorbing materials and are frequently used to seal open plenums
above ceilings or below floors.

CAULK. An elastic non-setting material used for sealing cracks, seams
and joints to prevent leakage of sound.

DECIBEL (dB). See "SOUND PRESSURE LEVEL".

FLANKING TRANSMISSION. The transmission of sound or noise from one room
to another by indirect paths, rather than directly through an inter-
vening partition.

FLEXIBLE COUPLER. A device to prevent or reduce the transmission of
vibration, particularly between vibrating equipment and service
distribution systems involving ductwork, piping and electrical lines.
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FREQUENCY, SOUND. The number of complete to-and-fro vibrations that a
source of sound makes in one second. Frequency is measured in Hertz
(cycles per second). The pitch of an audible sound depends mostly on
its frequency.

IMPACT INSULATION CLASS (IIC). A single-figure rating which provides
an estimate of the impact sound insulating performance of a floor-ceil-
ing assembly.

DBPAM7 AOISE. The noise produced by the impinging or striking of one
objet.,: with another, e.g. noise caused by footsteps.

INERTIA BLOCK. A massive support used in isolating equipment vibration.
The block is usually much heavier than the equipment it supports.

MASKING. The presence of a background noise increases the level to
which a sound signal must be raised in order to be heard or distin-
guished. If the level of background noise is significantly higher than
that of the sound signal, for instance a sound transmitted from another
roam, the transmitted sound signal cannot be heard. This effect is
known as masking.

NOISE. Unwanted sound.

PARTY WALL. A wall which separates two adjacent dwelling units within
an apartment building.

RESILIENT MOUNTING. A mounting, suspension or attachment system which
reduces or restricts the transmission of vibrational energy, e.g.
between vibrating elements and building structures.

RESONANCE. The sympathetic vibration, resounding or ringing of enclo-
sures, room surfaces, panels, etc. when excited at their natural
frequencies.

REVERBERATION. The persistence of sound within a room or enclosure
after a sound source has stopped radiating. This effect is very pro-
nounced in large, relatively empty or partially furnished rooms with
hard reflecting walls, ceilings and floor surfaces.

SHORT CIRCUIT. A bypassing connection or transmission path which tends
to nullify or reduce the sound insulating performance of a building
construction or acoustical device.

SOUND. (1) The sensation of sound. (2) A branch of physics concerned
with the propagation of mechanical disturbances in matter and related
subjects. In the present context sound is originated by vibrating
bodies or aerodynamically, is propagated as an elastic disturbance at
least partly in the air, and arrives at the ear or other receiver
(microphone, etc.).

SOUND INSULATION, ISOLATION. The use of building materials or construc-
tions which will reduce or resist the transmission of sound.

SOUND LEAK. A hole, crack, or opening which permits the passage of
sound.
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SOUND PRESSURE. A fluctuation superimposed on the static atmospheric

pressure by the passage of sound waves.

SOUND PRESSURE LEVEL (SPL). Expressed in decibels, the SPL is 20 times

the logarithm to the base 10 of the ratio of the pressure of sound to

the reference pressure 0.0002 dyne per square centimeter.

SOUND TRANSMISSION. The travel or propagation of sound into a room by

any path, direct or indirect, from a sound source located outside the

room.

SOUND TRANSMISSION CLASS (STC). A single-figure rating which provides

an estimate of the airborne sound insulating performance of building

partitions.

SOUND TRANSMISSION LOSS (STL). The decrease or attenuation in sound

energy (expressed in decibels) of airborne sound as it passes through

a building construction. In general, the transtission loss increases

with frequency, i.e. the higher the frequency the greater the sound

transmission loss.

STRUCTURE-BORNE SOUND. Sound energy inparted directly to and transmitted

by solid materials, such as building structures.
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A GUIDE TO

AIRBORNE, EMPACT AND STRUCTURE-BORNE NOISE CONTROL

IN MULTIFAMILY DWELLINGS

CHAPTER I

INTRODUCTION

A. BACKGROUND
The accelerated growth and increasing severity of the noise problem

in multifamily dwellings has caused considerable concern not only among

apartment occupants and owners, brut also among investors, real estate

interests and governmental agencies.
The current building trend toward lightweight structures, the

increasing concentration of dwellings in urban areas, and the increasing

noisiness of our environment have led to a growing number of complaints

to the FHA of inadequate sound insulation in multifamily dwellings.

People have become aware lf the noise problem and are more sophisticated

in their appreciation of the benefits which careful attention to noise

control can provide; therefore, they expect and demand more privacy in

their homes and greater freedom from the intrusion of noise from neigh-

boring dwellings.
Although the building industry takes pride in its remarkable

azhievements, conventional building techniques have produced some of the

noisiest buildings in existence.
Major property management firms report that noise transmission is

one of the most serious problems facing managers of apartment buildings

throughout the country, Managers and owners of apartments readily admit

that market resistance is not only increasing as a result of excessive

noise transmission, but that lack of both acoustical privacy and noise

control are the greatest drawbacks to apartment living.

The basic causes of the noise problem and the major reasons for

complaints are due primarily to the following factors:

1. Lightweight Building Structures: For reasons of economy and

space-saving, builders are using thinner, lightweight partition walls

and floor-ceiling assemblies which provide substantially less sound

insulation fhan their more massive counterparts of the past.

2. Poor Acoustical Design: The selection of a building site, the

orientation of the building structure, and the design and/or layout of

interior rooms or spaces without regard to noise sources or to separation

of noisy areas from those requiring privacy usually result in or

intensify noise problems. Although ignorance of noise control principles

is the chief mum of the above oversights, the use of good judgment in

building design would avert such problems in many cases.

3. Poor Workmanship: Much too frequently the planned sound insula-

ting performance of high]y rated wall and floor assemblies is nullified

by careless work by the tradesmen or building constructors. Improper

sealing of large cracks, holes, and airleaks around wall and floor edges,

cabinet and fixture installations, ducts, piping or conduit penetrations

constitute serious sound leaks. Such leaks are frequently concealed

behind thin cover plev:es, molding or trim work which unfortunately are
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ineffective noise barriers.

4. MecLanization: The increasing use of labor-saving devices and
mechanical appliances such as dishwashers, garbage disposals, vacuum
cleaners, air conditioners, televisions, and stereo sets has raised the

background noise level. Further, the progress in mechanization con-
tinues to outrun advances in the technology of machinery noise control.

5. High-Rise Apartments: The current trend toward construccion of

high-density apartment buildings has resulted in a greater concentration

of people in a much smaller area. Increasing family concentration

results in greater interfamily friction, unless appropriate counter-

measures are taken. High population density was an important factor in

the early adoption of noise control requirements in European building

codes.

6. Improper Tenant Placement: Failure to place tenants properly

often gives rise to noise complaints even in dwellings with adequate

sound insulation.

7. Increasing Desire for Privacy: The glamour and convenience of

high-rise, town-house apartments are attracting families from suburban

areas in growing numbers. Many of these families, who have enjoyed the

peace and quiet of living in private homes, now find the noise environ-

ment of apartment living intolerable; they expect and demand a degree

of peace and privacy comparable to their former environment.

8. Inadequate Education, Training and Research: Inadequate educa-

tion and research are the underlying causes of the noise problem describ-

ed above. Although the problem is nationwide and as important to the

economy as to the well-being of the citizens, the government has failed

to conduct or to support adequate educational or research programs in

acoustics and noise control.
The few acoustical laboratories supported by the government are

relatively small and of limited use. In some cases they are obsolete

by present standards, particularly in the field of architectural

acoustics. Although some work in noise control is being conducted by
the government, industries and technical universities, the total effort
expended and the number of skilled scientists and technicians engaged in

this work are too small.
The failure of our technical colleges and universities to provide

comprehensive training in acoustics and noise control has resulted in a

severe shortage of acoustical engineers. Unless such training is made

widely available and required of people engaged in the manufacture of
mechanical equipment and applimces, and those associated with the build-
ing industry, city planning and transport6tion systems, progress in over-
coming the national noise problem will be very slow indeed.

The most prevalent noise complaints among apartment dwellers involN

the transmission of noibe originating inside the building. Typical

noise sources are television, radio or stereo sets, occupant activity,
plumbing fixtures, electro-mechanical equipment and household appliancef,

as illustrated in Figure 1.1.
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Fig. 1.1. Common Indoor Sources of Noise.

Surprisingly, the frequency of complaints appears to be independent

of Income bracket in virtually all types of apartment buildings, includ-

ing high-rise as well as low-story garden-type apartments. Luxury,

middle and low income apartments register approximately the same number
of complaints because most of the buildings utilize the same type of

wall and floor assemblies. This fact clearly demonstrates that builders
and architects do not consider privacy and quiet surroundings as aeces-

sities, much less luxuries.
The causes of most noise problems in multifamily dwellings origi-

nate in the early design stages of the buildings because of the archi-
tect's lack of concern about noise problems and his failure to foreRee
where and under what circumstances noisG might be a problem.

Most people will agree that what pleases one's senses enhances one's

comfort. Oddly enough, a peaceful and relaxing environment apparently
i3 not recognized as essential to comfort, judging from the fact that it

is lacking in a high percentage of buildings. Obviously, we are

approaching the time when architects must pay adequate attention to

acoustical problems.
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B. COST OF SOUND INSULATION
The owner of an apartment development is in a highly competitive

market; cost largely determines the amount of sound insulation or noise

control that he can install. Unfortunately, there is relatively little

reliable information on which to base an estimate of the additional cost

involved in constructing buildings with adequate sound insulation. How-

ever, some estimates indicate that the additional expenses for the

acoustical design and treatment of new buildings might range from 27 to

107 of the total cost of the building, depending on geographic area,

labor market and other economic factors.
While many architects and builders might consider such cost much too

high, they should recall that their predecessors voiced the same criti-

cism relative to central heating and air conditioning. Despite their

high costs, central heating and air conditioning are considered to be

necessities not only in office buildings but in homes and indeed auto-

mobiles as well. Judging from the increasing public demand for immediate

legislation for the adoption and enforcement of anti-noise ordinances and

sound insulation criceria, particularly in multifamily dwellings, sound

insulated buildings are now regarded as a necessity for which the public

is willing to pay a premium.
One point which can not be overemphasized is that a substantial

degree of sound insulation can be purchased at relatively little cost

through good planning and design, as discussed in Chapter 5. Proper

selection of building site, building orientation and equipment, and

careful design of space layout contribute substantially toward achiev-

ing good sound insulation at little cost.
Although sound insulating construction will add to building costs,

the expenses of correcting acoustical mistakes usually are several-fold

higher. In some instances, there may be no solution short of major,

extensive and prohibitively costly overhaul of the building interior, for

example, redesign and installation of heating and air-conditioning

systems and/or partition wall and floor assemblies.

Perhaps the high(.1st price that an architect, builder, investor or

owner might pay for an acoustically inferior building is expressed in

terms of loss of reputation and public confidence and loss of profit for

all parties concerned.

C. FHA's CONCERN
Through the development and preparation of this Guide, FHA has taken

the initiative in providing architects, designers, contractors, builders

and public housing officials with needed assistance in meeting the grow-

ing public demand for control of the entire building noise problem,

particularly with respect to multifamily dwellings.

The problem is primarily one of noise transmission from one apart-

ment unit to another within the same building, although the problem of

intruding noise from outdoor sources such as aircraft and traffic can

by no means be dismissed as trivial. If a certain measure of success is

to be achieved in reducing the noise transmission in buildings, the

problem must be approached methodically. A general knowledge of the

principles of noise transmission and methods of control should enable

one to deal with most noise problems which come his way.
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CHAPTER 2

GENERAL PRINCIPLES OF SOUND TRANSMISSION

Generally speaking, sound is generated by vibrating bodies. More
specifically, it is the result of vibration of the particles of some
elastic medium or substance, which may be solid or fluid. When the
particles are disturbed or displaced by some vibratory force or impulse
they collide with the particles adjacent to them, which in turn transmit
motion to other particles. Although the individual vibrating particles
do not change their average positions of equilibrium, the vibratory dis-
placement of the particles is sufficient tc cause contact with surround-
ing particles. In this manner the disturbance may be propagated rapidly

in many directions and over great distances in the medium and adjoining
media. A good illustration of this effect is the manner in which the
impulse from a cue ball is transmitted through a closely-packed straight
line of billiard balls, from one end to the other. Another example is
the manner in which the starting jerk of a railroad train progresses
successively from the first car to the last.

Vibratory transmission of this type may occur in any elastic medium
or substance, whether it is solid such as wood, metal, soil, masonry, or
a fluid like air or water. Because such materials possess sufficient
elasticity (the'property of promptly recovering original dimensions upon
unloading) they are prone to vibratory excitation. Most building
materials are sufficiently elastic to transmit vibrations readily and
therefore are poor insulators of sound. Limp materials like soft putty,
lead, leather or fain...es, on the other hand, are poor conductors of

vibration because their elasticity is low.
The vibration of a building structure may be caused easily by the

operation of equipment producing any one or a combination of the follow-
ing types of motion.

(a) Rotation; e.g , motors, fans, blowers, gear trains.
(b) Reciprocation; e.g., pumps, agitators, piston engines, compressors.
(c) Expansion and contraction; e.g., heating and plumbing, duct and

pipe systems.
(d) Turbulence; e.g., pressure fluctuations or disturbances cavised by

the flow of air or water in ventilation, heating and plumbing
systems.

(e) Oscillation or pulsation; e.g., loudspeakers, musical instruments,
vibrators.

(0 Impaction and Detonation; e.g., door slams, falling objects, sonic
booms, thunder, furnace ignition.
Frequently, several types of motion may be involved in the gener-

ation of noise. For example, in a plumbing system a combination of
motor and pump vibration along with water turbulence may excite support-
ing wall structures into vibration, which in turn radiate noise.

The vibration of the wall or the sound pressure fluctuations in the
air can be easily measured, recorded and displayed by sensitive equip-
ment involving microphones, vibration pickups, sound level meters,
recorders and oscilloscopes. Observations using such instrumentation
are usually described as being objective since they reveal or attempt
to measure some physical property or characteristic of the sound or
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vibration, such as its frequency, amplitude of vibration, intensity

and sound pressure.
In addition to a basic understanding of how sound or vibration is

propagated in a material, a better knowledge of the other properties of

sound and its transmission characteristics, especially in air, is

required before one can cope successfully with the problems of noise

control. Some of the more important facts to remember are:

1. A sound wave in open air travels radially in all directions at a

speed of approximately 1100 feet per second, with a wave front that is

usually spherical in shape.

2. The intensity of a sound wave in open air falls off inversely as the

square of the distance from a point source, i.e. there is a urop of

about 6 dB with each doubling of the distance from the source.

3. In hard-surfaced unfurnished rooms, ordinary sound may build up to

annoying levels and may bo distorted by excessive reverberation due to

the multiple reflections of the sound waves. For this reason, noise

from conversation and foot traffic in reverberant hallways is much louder

than in open areas outside of the building.

4. Airborne sound penetrates more readily through light porous materials

and lightweight structures than through heavy, massive masonry materials

or structures.

5. The direction of propagation of a sound wave may by changed by

reflection from wall or other building surfaces. This explains why

noise is often transmitted great distances in long winding corridors or

duct rystems.

6. Sound travels easily through small cracks and openings such as those

normally found under doors and around windows.

7. Mechanical energy from-an impacting body or a vibrating source, which

is imparted directly to a solid structure, travels at a higher speed,

with less attenuation and generally over a much longer distance than an

airborne sound wave of the same initial energy. For example, in water

the speed of sound is about 5000 feet per second, while in materials such

as wood, metal or stone, the speed of sound may be as high as 12,000 to

20,000 feet per second.

8. The attenuation of sound with distance in solid materials is

surprisingly low. In wood, for example, the rate of attenuation may be

as low as 1 dB per 100 feet and for certain metals as low as 1 dB per

3,000 feet. Ordinarily, the attenuation of sound in actual building

structures is usually much higher because of discontinuities in

construction, divergent transmission paths and the mechanical coupling

of building materials with different densities, weights, stiffnesses or

other physical properties.

9. Generally speaking, for any given type of construction, the heavier

or more massive the wall or floor structure, the better its sound

insulation.
10. As a rule of thumb, most wall and floor structures are much better

sound insulators at the higher frequencies than at the lower frequencies.

Along with a basic knowledge of the principles of sound generation

and propagation, the architect and builder should have a general under-

standing of the subjective or human response to noise. From a psycho-

logical point of view, it is most natural for people to feel quite

2-2
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comfortable in an environment with a low level, socthing, steady,

unobtrusive sort of ambient noise, which is typical of the natural

undisturbed environment. On the other hand, a complete absence of noise,

a state approaching the deathlike stillness of a tomb, may be as dis-
turbing, unnerving and oppressive to most people as the shriek of a fire

siren, the squeal of brakes or the blare of an automobile horn. Although

these limits are rather extreme, the important point ts that most people
prefer some noise as opposed to not enough noise or too much noise.
Hence, the acoustical design objective at which the architect should aim

is one which approaches the natural noise environment such as found along

secluded beaches, forests or quiet countrysides.
A person's reaction to noise may vary from day to day, depending

primarily upon his immediate atate of mind, disposition, temperament,
health or activities and the type, quality and intensity of the noise.

Under normal circumstances most people find that:
(a) high pitched noises are more disturbing than noises of lower pitch;

the normal human ear generally responds to sounds in the frequency

range from 20 to 20,000 Hz, approximately,

(b) the loudet the noise the mre likely it is to be disturbing,

(c) intermittent, irregular, impulsive or impact noises are more dis-

tracting than a steady-state noise,

(d) the lonoer the time of one's exposure to a disturbing noise the

more irritating it becomes.
Most people will describe changes in sound pressure levels along

the following lines:

A 3 dB increase in level is barely perceptible, 5 dB gain is

quite noticeable, whereas a rise of 10 dB is described as being dramatic

or about twice as loud.
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CHAPTER 3

CLASSIFICATION OF NOISE

Generally speaking, building noise may be classified according to

its origin, as either airborne, structure-borne or a combination of both.

Under certain circumstances, airborne noise may produce structure-borne

noise which in turn may be reradiated again as airborne noise. Both

types of noise cause pressure fluctuations in the surrounding air which

are perceived by the ear as sound. Other than by positive identification

of a sound, e.g. piano playing and speech or the detection of vibrating

floors or rattling windows, the ear cannot easily differentiate between

noises of airborne and structure-borne origin.

Airborne Noise.
Most of us are quite familiar. with airborne noise since we are ex-

posed to it day by day. It is exemplified by the drone of the aircraft

flying overhead, the blare of an auto horn, the voices of children or

the music from our stereo sets. In short, it is the noise produced by

a source which radiates directly into the air. Airborne sound waves are

transmitted simply as pressure fluctuations in the open air or along

continuous air passages such as corridors and duct systems. If a

barrier such as a wall is in the path of the airborne sound wave, the

action of the fluctuating sound pressure against one side of the wall

causes it to vibrate. Thus the sound is transmitted to the other side

of the wall from which it is reradiated as airborne sound waves. Same

of the vibrational energy of the wall is transmitted structurally to

other parts of the building where it eventually emerges as airborne

sound. The wall itself becomes a secondary radiator of airborne sourd

and a transmitter of structure-borne sound. Although structure-Oorne

sound transmission may be involved in this process, the entire sound

transmission sequence would be classified as airborne simply because

the initial sound was airborne. The disturbing influences of airborne

noise generally are limited to the areas near the source. This is due

to the fact that airborne noises usually are of much smaller power and

are more easily attenuated than structure-borne noises. For example,

the sound from your neighbor's stereo system may cause annoyance in

rooms of your apartment which are adjacent to his, but rarely in rooms

farther removed unless doors or passage ways are open. Sound absorptive

-reatment in the form of carpeting, drapery and upholstered furniture in

,Jhe intervening areas may often provide a significant reduction in the

disturbiag noise level before it reaches rooms where privacy is desired.

Structure-Borne Noise.
Structure-borne noise occurs when wall, floor or other building

elements are set into vibratory motion by direct mechanical contact with

vibrating sources such as mechanical equipment or domestic appliances.

Thts mechanical energy is transmittcd throughout the building structure to

other wall and floor assemblies with large surface areas, which in turn

are forced into vibration. These vibrating surfaces, which behave some-

what like the soundboard of a piano, reradiate the vibrational energy as

airborne noise into adjacent areas.
The intensity of structure-borne noise generally is much higher
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than that produced by a wall or floor structure which has been excited

by an airborne sound wave. Unlike sound propagated in air, the vibra-

tions are transmitted rapidly with very little attenuation over long

distances throughout the building structures. Quite frequently these

vibrations are short in duration, as those caused by slamming doors and

falling objects. Other vibratory motions may persist for long periods,
as those associated with the operation of air conditioners or washing

machines. The operation of such mechanical equipment may set wall and
floor structures into intense low frequency vibration, which is physi-
cally felt or sensed as a pulsating, throbbing or quivering motion.
Poorly balanced fans, motors, compressors, disposals or washing machine
tumblers frequently give rise to a periodic or vibratory motion of this

kind. If the vibration is severe enough it may have adverse effects not
only on the occupants of a building but also on the building structure as

well. In such instances, occupants may become not only extremely annoyed
with walking or standing on vibrating floors but also fearful of damage
to or failure of structural componimts of the building. In less severe

cases, the vibration may manifest itself in the rattling of dishes,

bric-a-brac, window panes or pictures. Occupants of homes and apartments

frequently experience this sort of vibration as large heavily loaded

trucks are driven past their dwellings.
It might be well to consider briefly the so-called "sounding board

effect", a reirforcement or amplification of sound, which so frequently
is involved in the radiation of structure-borne noise. Generally speak-

ing, the efficiency of a sound radiator varies directly with the ratio of
its surface area dimensions to the wavelength of sound. A sound source

with a small radiating surface, such as a water pipe, produces relatively
little airborne sound; but on the other hand, it will radiate higher

frequency sounds more efficiently than lower frequency sounds, all other

factors being equal. If a small vibrating source, which by itself
radiates little airborne noise, is rigidly or mechanically coupled to a

large surface such as plywood or gypsum wall panel, the intensity or
volume of sound will be substantially reinforced or amplified. A piano

provides a better illustration of this effect. If we were to remove the

soundboard of e ?iano, the sound generated by the vibrating strings
would be almost inaudible, because of the small radiating surface areas

of the strings. The sound produced by the vibrating strings is amplified
by virtue of their bearing upon the bridge attached to the soundboard
which has a large radiating surface. Thus we see that decoupling
vibrating sources from potential soundboards such as wall or floor
surfaces, can be quite effective in the control of structure-borne noise.

Combination of Airborne and Structure-Borne Noise.
A third type of noise source to be considered is one which generates

both airborne and structure-borne noise simultaneously. This type of

noise source is by far the most common, and.perhaps the only type of
source to be found. Sources, which are usually considered to be strictly
airborne noise generators, may generate a substantial amount of structure-
borne noise and vibration, if they are mechanically coupled to wall and

floor structures. For example, a high-power loudspeaker built into a
wall enclosure might cause not only the wall to vibrate but perhaps the
rafters as well. Every noise source has vibrating elements which
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radiate noise. A window air conditioner, for example, suspended in mid-

air would produce a substantial amount of airborne noise; however, when

the unit is nounted in a conventional uanner, a combination of both
structure-borne and airborne noise of greater intensity is produced.
Occasionally, a noise source may produce vibrations so low in r:equency

that they can be felt but not heard. In some instances, such a source

may induce a wall or floor structure to resonate at its own natural

frequency, which may be in the audible range. 'Thus, the low frequency

drone of a passing airplane may cause a wall or window to resonate at a
higher frequency than that radiated by the plane itself.
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CHAPTER 4

FLANKING TRANSMISSION OF AIRBORNE AND STRUCTURE-BORNE NOISE

The transmission of noise from one completely enclosed room to an

adjoining room separated by a continuous intervening partition wall may

be either direct transmission through that wall or indirect transmission

through other walls, ceilings and floors common to both roams or through

corridors adjacent to such rooms. This noise transmission by indirect

paths is known as "flanking transmission". Quite frequently one is faced

with a noise transmission problem which involves a combination of both

direct and indirect transmission paths, where the latter may be the more

serious offender. Such indirect or flanking transmission commonly occurs

with structure-borne as well as airborne noise.

Airborne Flanking Noise.
The chief flanking transmission paths of airborne noise between two

adjacent rooms usually involve: common corridors, ventilation grilles,

duct systems, open ceiling plenums which span both rooms, louvered doors

and close spacing of windows between roams. In addition to the flanking

paths, there may be noise leaks particularly along the ceiling, floor

and side wall edges of the partition wall. Also, noise leaks may occur

frequently around pipe and conduit penetrations, back-to-back instal-

lations of cabinets and electrical outlets in the partition wall. Im-

perfect workmanship may result in serious noise leaks, e.g. poor mortar

joints in masonry core-walls which often are concealed behind furred

walls, panels or built-in cabinets.

Obviously, it is not economical to select highly efficient sound

insulating partition walls and later inadvertently short circuit their

efficiency with noise leaks and flanking piths, as illustrated in

Figure 4.1. Such noise problems can be prevented by thoughtful planning

in the early stage of the building design and close supervision with

proper attention to small details during the construction stage.

Structure-Borne Flanking Noise.

Flanking transmission paths of structure-borne noises, as illustrated

in Figure 4.2, are fai more numerous and much more difficult to trace or

detect than those of airborne noises. The detection, cause and correction

of structure-borne vibration or noise transmission between adjacent rooms

are relatively simple. However, determining the reasons for excessively

high noise or vibration levels in rooms far removed from noise sources

can be difficult and vexing.

Noise and vibration producing equipment such as fans, compressors,

pumps, ventilation and plumbing systems readily communicate their vibra-

tional energy to the building structure if no precautionary measures are

taken. The vibration travels quickly over long distances through the

skeletal building structure with no appreciable attenuation, especially

when the vibrating source or equipment is rigidly attached to the struc-

ture by improper mounting of the source or incorrect installation of

piping, conduits or associated distribution lines.
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FLANKING NOISE PATHS

Fl OPEN PLENUMS OVEN WALLS, FALSE CEILINGS

F2 UNIAFFLED DUCT RUNS
F3 OUTDOOR PATH, WINDOW TO WINDOW

F4 CONTINUOUS UNIAFFLED INDUCTOR UNITS

F5 HALL PATH, OPEN VENTS

F6 HALL PATH, LOUVERED DOORS

F? HALL PATH, OPENINGS UNDER DOORS

FI OPEN TROUGHS IN FLOOR-CEILING STRUCTURE

NOISE LEAKS

LI POOR SEAL AT CEILING EDGES

12 POOR SEAL AROUND DUCT PENETRATIONS

1.3 POOR MORTAR JOINTS, POROUS MASONRY BLK

L4 POOR SEAL AT S I DEWALL, FILLER PANEL ETC.

IS BACK TO BACK CABINETS, POOR WORKMANSHIP
L6 HOLES, GAPS AT WALL PENETRATIONS

L? POOR SEAL AT FLOOR EDGES

LI BACK TO BACK ELECTRICAL OUTLETS
L9 HOLES, GAPS AT FLOOR PENETRATIONS

MK, POINTS TO CONSIDER, RE: LEAKS ARE LAI BATTEN STRIP AIO POST CONNECTIONS OF PREFABRICATED
WALLS, IN UNDER FLOOR PIPE OR SERVICE CHASES, ICI RECESSED, SPANNING LIGHT FIXTURES, LIN CEILING

& FLOOR COVER PLATES OF MOVABLE WALLS, LEI UNSUPPORTED NO UNBACKED WALL ROARD JOINTS EDGES

BIMING OF BUILT-IN CABINETS & APPLIANCES, (G) PREFABRICATED, HOLLOW METAL, EXTERIOR CURTAIN

WALLS.

Fig. 4.1. Flanking Transmission of Airborne Noise.

Obviously, the primary flanking path of structure-borne noise or
vibration is the skeletal building structure, i.e. the external and load-

bearing walls as well as cther structural supporting columns. The vibra-

tional energy in the skeletal frame is transmitted to all other wall and
floor constructions which in turn become the secondary flanking paths.
While this might logically define the overall flanking transmission path,
the difficulty in resolving a vibrational problem arises in determining
the specific flanking paths and identifying the operating equipment at

fault.
Interruption of the flanking path with some form of discontinuous

structure or decoupling technique is the only effective way to reduce

vibratory transmission. Discontinuous construction of load-bearing walls

and structural floors is difficult to achieve in practice, because such
structures require support, and as a consequence the discontinuity fails
or is short-circuited at the points of support. However, certain con-
struction techniques can be applied which provide an effective degree of
discontinuity as well as the required structural support. Such tech-

niques are discussed and illustrated in subsequent chapters.
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.CHAPTER 5

GENERAL PRINCIPLES OF NOISE CONTROL

The most effective approach to the problem of ensuring that a

iilding will have adequate noise control begins with a careful ard

:Lhodical consideration of all the acoustical design elements during

le early planning stage of the building. The important dEsign elements

lilt the architect should consider are listed and discussed below. For

)vious reasons, the rirst factors that should be considered are the

alection of a quiet building site and the proper orientation of the

lilding on the site in an attempt to alleviate the problem of outdoor

aise disturbance.

A. Selection of Site E. Building Equipment I. Edl.cation

B. Orientation of
Building on Site

F. Control of Noise

at the Source

and

Training

C. Room and Space G. Selection of Sound J. Supervision

Arrangement Insulating Structures K. Pretesting

D. Tenant Placement H. Sound Absorption

. SELECTION OF SITE

1. Zoning and city planning authorities should be consulted for

ssurance that the building site has and will retain a residential rating.

a a result of future rezoning or other civil planning action, suitable

ites are frequently engulfed by industrial park areas, traffic arteries

r aircraft flight patterns.

2. detailed study of the building site should be made, partic-

larly with respect to the location of potential sources of noise, such

s airfields, industrial plants, railroads and traffic arteries. Noise

urveys should be made on the proposed b41ding site located near such

oise sources in order to evaluate the rwise environment. Sites near

arge commercial or military airfields should be avoided completely.

3. Sites which have good natural landscaping, such as rolling

errain with a good stand of trees, generally provide more acoustical

hielding tha- sites located in hollows or on flat open ground, as

llustrated in Figures 5.1 through 5.4.

4. Avoid selecting a building site which is directly opposite a

arge existing or proposed building, especially if an expressway sepa-

ates the sites. The reflections of sound waves between opposing build-

ngs generally increase the noise levels, as illustrated in Figure 5.5.

5. Building sites near hills or Junctions of main traffic arteries

Ire particularly noisy, due to accelerating, decelerating and braking

rehicles, as shown in Figures 5.6 and 5.7. If the road happens to be a

mia truck route, the noise may become intolerable.

6. If a building must be erected near a busy street or other source

rf noise, a site which is acoustically shielded by buildings or other

)arriers is to be preferred. See Figures 5.8 and 5.9.

7. In selecting building sites located near expressways preference

ihould be given to those sites on the upwind or windward side of the

mpressway as opposed to the leeward side. At a large distance from a

wise source tha upwind side generally is quieter than the downwind side.

;ee Figure 5.10.
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Fig. 5.1. Use of Natural Noise Barriers.

(4-- KO R.

A MICK GROWTH OF LEAFY TREES &
UNDERBRUSH REDUCES NOISE ABOUT

10 1 011 100 ft. (AVERAGE OVER
AUDIBL: FREQ. RANGE,

LOW FREQ. LOSS:31 dB
HIGH FREQ. LOSS:10-12 01

Fig. 5.2. Effectiveness of Wooded
Areas as Noise Barriers.

HIGH FREQ. REDUCTION 31 MI

SINGLE ROW OF TREES IS WORTHLESS

AS NOISE 'AIRIER. DUE TO INTER-REFLECTION
MULTI-ROWS OF TEES ARE MORE EFFECTIVE

Fig. 5.3. Noise Reduction
of Trees.

AVOID HOU.OWS OR DEPRESSIONS
THEY ARE GENERALLY NOISIER THAN FLAT

OPEN LAND

Fig. 5.4. An Example of a Poor Building Site.

BUILDING SITES IN OPEN AREAS ARE
LESS NOISY THAN SITES IN CONGESTED

BUILDING AREAS.

.
A A

A
4A

114

TRAFFIC ARTERIES EWEN TALL
BUILDINGS ARE QUITE NOISY.

Fig. 5.5. Building Sites near Traffic Arteries

and other Buildings.
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AVOID BUILDING SITES AT INTERSECTIONS
OF MAJOR TRAFFIC ARTERIES. SUCH SITES
ARE EXTREMELY NOISY DUE TO ACCELERATING.

DECELERATING. AND BRAKING VEHICIIS.

Fig. 5.6. Building Sites uear

Traffic Junctions.

AVOID BUILDING SITES ON ME CRESTS OF HILLY
TRAFFIC ARTERIES. SUCH SITES ARE VERY NOISY
DUE TO LOW GEAR ACCELLRATION NOISE.

Fig. 5.7. Building Sites near
Hilly Traffic Areas.

APARTMENT

144

ROAD CUT n

WALL EMIANKMEKT

Fig. 5.8. Use of Various Noise Barriers. Fig. 5.9. Use of Buildings as
Noise Barriers.

WIND DIRECTIL.ON

UPWIND BUILDING SITE IS LESS NOISY
THAN A DOWNWIND SITE.

Fig. 5.10. Selection of Building Sites

Relative to Wind Direction.

B. ORIENTATION OF BUILDING ON SITE

1. Buildings should be located so as to take full advantage of any
acoustical shielding provided by the existing terrain, natural landscap-

ing or wooded areas of the building site.

2. Buildings should be located as far as possible from the source

of greatest noise.
3. In large apartment developments, buildings should be arranged

so that as many dwelling units as possible are shielded from highway

traffic noise or other sources of noise. See Figure 5.11, B and C.

4. On a building site which fronts on an expressway, the building
should be oriented so that the long axis of the building is perpendicular

to the expressway.
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5. If a cluster of buildings is to be erected on a site, a random,
splayed or staggered building layout should be adopted, preferably with

no buildings parallel to each other. In such instances thoughtful design

and layout of curved buildings may be beneficial. See Figure 5.11,

C, D and F.
6. In a large apartment development, access roads must be carefully

designed and arranged to prevent formation of a main traffic artery

through the development.

7. In U shaped buildings, the court areas tend to be quite rever-
berant and noisy, particularly if they are used as recreation areas or

face traffic arteries. Therefore, such buildings should be oriented
judiciously, as illustrated in Figure 5.11, A and E.

Fig. 5.11. Orientation of Buildings on Sites.
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C. Roam AND SPACE ARRANGEMENT

1. Since most buildings are barriers to external noise they may
have a noisy side and a quiet side. Noisy areas such as equipment rooms,

recreation rooms and kitchens should be located on the noisy side of

the building.

2. Obviously it is good practice to locate noise producing areas
such as garages, elevators, equipment and laundry rooms at one end of
the building far removed from dwelling areas, rather than in some central

location which is often chosen for accessibility.
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3. Within individual dwelling units, areas which are likely to be
noisy should be as far as possible from those that require quiet.

4. The room layout of adjacent dwelling units should be planned so
that the party walls and floors separate similar functional spaces. For
example, partition walls and floors between dwelling units should

separate the bedrooms of one dwelling from the bedrooms of the other
dwelling, rather than separate a bedroom of one dwelling from the living
room or recreation room of the adjacent apartment. This may be achieved
by using a mirror-image layout on a given floor level and a projected
image of the first floor plan on all other floor levels, i.e. rooms of
similar use should be stacked one above another in the vertical direction.

5. In the construction of two-story garden-type apartments, it is
advantageous to use the town-house or row-house design concept where the
bedrooms of each dwelling unit are located on the upper floor. This
practice largely circumvents the problem of impact noise transmission
through floor structures, which is so commonly found in multistory
apartments.

6. In situations requiring the separation of relatively noisy areas
from quiet areas, the use of buffer zones such as hallways, dressing
rooms and closets with solid-core doors is recommended. The additional
air space, enclosing walls and doors of such spaces provide a substantial
increase in sound insulation.

Two apartment plans employing the above principles are illustrated
in Figure 5.12.

D. TENANT PLACEMENT

Failure to place tenants properly often gives rise to noise com-
plaints even in dwellings with adequate sound insulation. An intelligent
landlord selects and places tenants on the basis of age group, working
hours, family size and other similar factors so that tenants with similar
living habits are grouped together. Two and three bedroom apartment
units should be located adjacent to, or stacked directly above apartment
units with the same number of bedrooms. For example, avoid locating a
three bedroom unit, which might be occupied by a large family, above a
one bedroom unit occupied by a retired couple. This arrangement would
be likely to present some noise problems. Consequently, single bedroom
units should be located at one end of the building and multiple bedroom
units at the other end; or one bedroom units should be located on the
upper floors of the building and multiple bedroom units on the lower
floors.

E. BUILDING EQUIPMENT
The prevention or reduction of noise transmission from the electro-

mechanical equipment of a building is dependent primarily on all three
of the following factors.

1. Proper selection: If there is a choice of several types or
models of building equipment which meet the.particular service needs

or the building requirements, the architect or engineer should select the
equipment with the lowest sound power output rating provided by the
manufacturers. If such ratings are not available, the architect should
make inquiries concerning the noise output of such equipment and, if
possible, investigate installations in which such equipment is
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operational to evaluate the noise radiation. Sound conditioned equip-
ment is somewhat more expensive, but the acoustical treatment required
to correct problems resulting from noisy equipment invariably turns out
to be far more costly than an initially quiet installation.

BEDROOM

DINING ROOM

BEDROOM

MASTER
BEDROOM

EX

LIVING ROOM KITCHEN
KITCHEN

ACOUSTICAL CE IL INC
AND CARPETED
FLOOR IN
VESTIBULE mina

APT. E
...I IN . ao +.

APT. F
mom..

BEDROOM BEDROOM
LIVING ROOM

DINING ROOM KITCHEN KITCHEN MNMG MXM

BEDROOM

APT. A am

BENMW

MASTER
BEDROOM BEDROOM

BEDROOM

ACOUSTIC
TILE .0

AND CARPET '

LIVING ROOM

Fig. 5.12. Examples of Well-Planned Buildings in which Quiet Areas are
Separated from Noisy Areas.
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2. Proper location: Unfortunately, the use of sound conditioned

equipment, though necessary, is not sufficient to avert all potential

noise transmission problems. Such equipment is still relatively noisy,

and depending on the size and number of machines in operation, the

resulting noise levels in the equipment roam may be excessively high.

Thus, equipment rooms should not be located adjacent to or near dwelling

units. Instead, they should be located at the lowest building (basement

or grade) level and preferably at that end of the building farthest

removed from the dwelling areas. It is advantageous to surround equip-

ment rooms with storage areas, hallways, elevator and ventilation shafts

which act as buffer zones to provide additional acoustical shielding and

sound isolation. Apartment units should not be located above or next

to an equipment room, unless extreme precautionary measures are taken,

such as the use of specialized discontinuous or double-shell construction

of wall, floor and ceiling structures in the equipment roam. This is

particularly important in high-rise apartments which house equipment of

great power. Frequently, it is far more economical to house the large

mechanical equipment associated with high-rise apartments in a separate

building of masonry and windowless construction, than to resort to the

expensive and specialized construction required for in-house location.

3. Proper installation: All the work and cz.ffort expended in

selecting the proper equipment and its location will be wasted if the

equipment and associated service and distribution systems are not in-

stalled properly. Indeed, improper inst.91lations frequently increase

equipment noise output. This phenomenon arises when vibrating equipment

and associated systems are nounted directly to building structures which

reinforce or amplify the machinery noise to a level above that which the

equipment by itself is capable of radiating. The only effective way of

coping with this problem is by using resilient separation or vibration

isolators in the mounting, support and attachment of all such equipment

and distribution systems. The importance of vibration isolation in the

control of equipment noise cannot be overemphasized.

F. CONTROL OF NOISE AT THE SOURCE
The first stage of noise control is the control of noise at its

source. Obviously, when the noise output of a source is low, there will

be less noise radiated and transmitted to ocher areas of the building;

this is especially true in the case of structure-borne noise. If

attempts to quiet the source are not completely successful, then correc-

tive measures involving vibration isolation and/or specialized construc-

tion techniques should be used as near to the source as is practicable.

The preceding section dealt in part with the control of equipment

room noise in a building. There are many other noise sources sr:attered

throughout an apartment building, such as laundry appliances, exhaust

fans, roof-mounted ventilation fans, transformer units, household

appliances, plumbing fixtures, elevators, garages and trash chutes.

Problems associated with such sources can be minimized if the builder

selects quiet units and uses vibration isolation mounting techniques to

prevent any noise buildup. Defective components should be replaced and

loose or rattling parts tightened or braced.
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G. SELECTION OF SOUND INSULATING STRUCTURES

After the foregoing design elements have been considered and incor-
porated as effectively as possible in the building plans, the architect
should concentrate on the selection of the sound insulating wall and
floor structures which will achieve the desired privacy between dweli-
ing units. Aside from economic factors, the choice of suitable wall or
floor assemblies will depend largely on the type of building structure,
i.e. masonry, steel or light frame construction. Regardless of the type
of construction, the architect should remember that the sound insulating
effectiveness of a wall or floor assembly is dependent upon the following
factors.

(a) Mass.
(b) Stiffness.
(c) Discontinuity in construction.
(d) Proper installation, particularly with regard to edge and boundary

conditions.

(e) Elimination of noise leaks, especially around perimeter edges,
joints and penetrations of walls and floors.

(f) Control of flanking noise.
(g) The use of sound absorbent material in the voids or cavities in

structures of discontinuous or double-shell construction.
Generally speaking, the greater the mass of a structure, the less

likely it will be excited into vibration by incident airborne or
structure-borne sound energy; thus, there wal be less sound transmis-
sion through the structure. Similarly, the greater the degree of dis-
continuous or resilient type construction, the higher the sound insu-
lating efficiency of the structure. Likewise, effective control of
noise leaks and flanking paths will result in better sound insulation.
Proper installation of the structure and the judicious use of sound
absorbent materials are also important details to remember.

The architect is cautioned again that the use of a good sound
insulating structure itself gives no assurance of achieving the desired
noise privacy unless the above factors are handled properly.
H. SOUND ABSORPTION

Sound absorbing materials such as acoustical tile, carpets and
drapery play an indispensible part in controlling noise generated within
a room or in 7:everberant areas such as lobbies, corridors and staircases.
Although such materials are highly effective as sound absorbers, they
are relatively poor sound insulators because of their soft, porous and
lightweight construction. In short, they transmit noise very easily
To illustrate this point, imagine a wall constructed solely of acous-
tical tile, carp,..it or drapery materiai. Such a wall would provide
virtually no resistance to the passage of sound through it. Thus,
acoustical materials are not a cure for sound insulation. This, of
course, is contrary to the building practices and mistaken beliefs which
ovec tha years have held th-t acoustical tile is the panacea for any and
all butlding noise problems. Unfortunately, this sort of thinking still
pepsists in the building industry and is largely responsible for many
acousticelly inferior and noisy buildings found today.
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WARNING! Under no conditions should acoustical materials be used on

the surfaces of walls and ceilings for the sole purpose of preventing the

transmission of sound through such structures; to do so would result in

total failure and a complete waste of money.

Acoustical materials should be used in and near areas of high noise

levels. They are beneficial in reducing the reverberation tulle and the

overall noise level in a noisy area. By controlling sound reflection,

they tend to limit or localize the noise to the region of its origin and

reduce the transmission of the noise along corridors and passage ways to

other parts of a building.

When a sound wave strikes an absorbing material, a portion of the

energy is converted into heat by the frictional resistance within the

pores and the vibrational agitation of the small fibers. Because of the

multiple reflections and successive contacts of the sound wave with the

absorbing materials during a relatively short period of time, noisq

level reductions as much as 8 to 10 dB may be achieved. The amount of

noise reduction is dependant upon the area or length of sound absorbing

treatment. Therefore, in areas such as ducts and corridors, the use of

such treatment may produce even greater noise reductions.

Although acoustical tile is used extensively for the control of

noise in reverberant areas, other materials and furnishings such as

heavily pleated drapery, upholstered furniture and carpeting with felt

pad underlayments can be equally effective for the same amount of surface

coverage. In buildings or areas with excessive pedestrian traffic, such

as schools, office buildings, corridors and staircases, carpets with

pads should be used in lieu of, or in conjunction with acoustical tile.

In addition to absorbing airborne F;ound, carpets cushion the force of

impacts and thus transmit less noise to rooms below. Because of their

softness and resilience, carpets radiate very little of the surface

noise caused by the scuffling, thumping and abrasive action of foot

traffic. In other words, people generate much less noise walking on

carpets than on hard-surfaced floors.

I. EDUCATION AND TRAINING
The degree of success achieved in constructing buildings with ade-

quate sound insulation and noise control hinges not only on the acous-

tical education and training of the architects but also of the contrac-

tors, builders, foremen, work crews and inspectors.

Carpenters, plasterers, masons, plumbers, electricians, equipment

installers, and others should be taught, through planned training

programs in each of their respective professions, the proper techniques

of construction, application and installation of structures, services

and utilities to provide sound insulation and noise control. These

training programs should include demonstrations which show how effective

such methods are, the reasons why they work and how poor workmanship,

small variations from design and mistakes might reduce or destroy the

acoustical performance of the building.

J. SUPERVISION
Close supervie.on and strict attention to small details particularly

by foreman and inspectors are required during each and every phase of the
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building construction in order to ensure a high degree of noise control

and privacy. It is essential that foremen and inspectors constantly

ride "close herd" over the workmen to see that they are doing their work

properly, so that serious noise leaks are not overlooked or undetected

and then later discovered concealed behind finished wall or floor

constructions.

K. PRETESTING
Building inspectors, foremen or supervisors should conduct prelim-

inary tests of the sound insulating effectiveness of apartment walls and

floor-ceiling structures shortly after they are installed and prior to

painting and final completion. Considerable savings in both cost and

time will be realized in correcting any noise leaks or acoustical fail-

ures that are detected at this stage. Although a visual examination of

an enclosure lay detect some potential noise leaks, such as wide gaps or

cracks at ceiling, floor or perhaps adjoining wall edges, such tests are

usually inadequate since they fail to detect sources of noise leaks

hidden from the eye.
A far more effective test is to operate some noisy device like a

power drill or a vacuum cleaner, in a closed room and listen near the

other side of the partition wall for any noise leakage. The ear is a

reasonably good sensing device. However, by using a probe microphone

and a sound level meter or even a stethoscope, noise leaks may be

located more quickly than by ear. Another useful test, preferably

combined with the above test, involves surveying one side of a partition

wall at critical points with an intense light source and looking for

light leakage in a darkened room on the other side. A small hand mirror

is particularly useful in getting into remote corners or otherwise

inaccessible places. For greater effectiveness, the man with the light

and the observer should simultaneously follow the same survey path.

Detection of any light leakage in the darkened room will signify a noise

leak.
Detecting the transmission of building equipment noise is somewhat

more difficult. With such equipment in operation, one can sometimes

locate noise leaks or identify flanking paths by conducting similar

hearing tests along with pressing the ear against various roam surfaces

or using finger tips to sense the vibration of such surfaces. Serious

structure-borne noise transmission problems might involve extensive

vibrational analyses along the various transmission paths between the

equipment room and the room undergoing test.



CHAPTER 6

CONTROL OF AIRBORNE NOISE

The fundamental objectives of noise control are to provide privacy

and quiet both indoors and outdoors. Although this guide deals primar-

ily with the control of noise transmission within buildings, some atten-

tion must be given to the control of noise from outdoor sources, same of

which are illustrated in Figure 6.1.
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Fig. 6.1. Common Outdoor Noise Sources.

OUTDOOR NOISE:
Among the many outdoor sources of noise, the major offenders are:

(a) Aircraft; e.g., email sport planes as well as large commercial or

military planes and helicopters,

(b) Vehicular traffic; e.g., particularly trucks, buses, sport cars,

and virtually all types of motorized cycles,

(c) Rail transportation systems; e.g., railroad engines, trains and

elevated transit systems,

(d) Industrial plant operation; e.g., manufacturing plants,

(e) Exposed building equipment; e.g., ventilation systems, cooling

towers, air-conditioning compressors,

(f) Power garden equipment; e.g., lawn mowers, chain saws, garden

tractors, cultivators,

(g) Earth moving and street repair equipment; e.g., tractors, shovels,

ditch diggers, air hammers.

The three main courses of action to control outdoor noise are: (1)

develop and enforce anti-noise ordinances and zoning regulations, (2)

require manufacturers of electrical and mechanical equipment or appli-

ances to provide sound power ratings of their products and (3) educate

and encourage city planners and legislators, and transportation.system

designers to embody noise control principles in the design of their

systems.
Although some progress has been made in these fields, much remains

to be done. For example, a number of cities and communities throughout
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the country have adopted rather restrictive anti-noise ordinances
relative to industrial areas bordering on residential areas, but have
neglected to adopt comparable restrictions regarding traffic noise. An

effective over-all anti-noise ordinance should place restrictions on
noise generated not only in industrial and commercial areas which border
residential areas but also within the residential areas. With such
ordinances in effect, manufacturers of various indoor and outdoor

equipment and appliances would be forced to market products which would
meet the specified noise abatement requirements.

Considerable progress in aircraft noise control has been made
primarily through improved flight procedures and design of flight traffic
and holding patterns, but very little consideration has been given to
control of vehicle or traffic noise, aside from improvements in muffler
design and more recently, tire tread design. Although some effort has

been made recently in reducing noise levels within passenger automobtles,
very little has been done by automobile manufacturers in applying the

technology of noise control to silencing the overall noise generated by

the vehicle itself.
Likewise, consideration of noise control principles ir the design

and layout of expressways and traffic arteries has been disregarded.
Some reduction of traffic noise has been achieved by high speed inter-
changes, cloverleaf crossings, depressed road beds and highway cuts which

have come chiefly as a surprising and welcome by-product of highway
planning based primarily on economic factors ard efficient traffic flow.

(D
However, expressways frequently are found skirting the edges of otherwise
quiet residential or suburban communities in which occupants are exposed
to the intermittent and irregular roar of passiug trucks that might
produce noise levels 15 to 20 dB higher than the noise from other traffic.
This unfortunately may occur throughout the night, when peace and quiet

are most desired. A significant improvement in the control of traffic

noise can be made by proper design and location of interchanges, accel-
eration and deceleration lanes of expressways and the judicious use of
all the acoustical shielding benefits which might be offered by the

topography of the land.
The same sort of disregard for noise control prevails among city

planners and community builders engaged in city design. In order to

contain the growth of the outdoor noise problem, a concerted effort must
be made by legislative bodies to formulate and enforce effective community
or city wide anti-noise ordinances and noise specifications of mechanical

equipment and appliances. Further, some qualification in acoustics or
noise control should be required of all responsible individuals engaged
in the planning, design and development of our outdoor environment.
Until such measures materialize, the architect and builder must resort to
two techniques at his disposal to prevent excessive outdoor noise from

entering his buildings; that of using natural or artificial barriers on
or near the building site to reduce the amount of noise reaching the
building and/or utilizing specialized sound insulating construction of
roofs, exterior walls and surfaces to minimize the transmission of out-

door noise into the building. Elements of the first technique are

described in the foregoing chapter, particularly with respect to
) "selection of the building sites" and "orientation of buildings on sites".
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With regard to the second technique, the ideas and principles developed

in the following section for tLe control of airborne noise transmission

within a building can be applied equally well to the problem of excessive

outdoor noise transmission through exterior building walls and roofs.

INDOOR NOISE:
The generation of airborne noise in buildings stems from the

ovration of building equipment, utilities and domestic appliances as

well as from occupant behavior and activity. Because of the complexity

of sources ane activities involved, the composite noise may reach levels

of high intew,Ity with an extremely broad frequency spectrum ranging

from very low to exceedingly high pitched noises. Since any one or a

combins'Aon of zhfese sources or activities may give rise to complaints

at certain times, it would be a formidable task to reduce all noises

to the complete satisfaction of all building occupants.

The logical approach to the problem is to insulate against or

control those sources of noise which disturb the greatest percentage

of the occupants. The sources of airborne noises which cause the most

frequent disturbances are:

(a) Musical instruments; e.g., televisions, radios, stereo sets, pianos

and drums,

(b) Adults, children; e.g., loud speech, singing, crying and shouting,

(c) Household appliances; e.g., garbage disposers, dishwashers, vacuum

cleaners, clothes washers and dryers,

(d) Plumbing fixtures; e.g., water running, pipes knocking, toilets

flushing and refilling.
Among the above, the most disturbing sources, in terms of frequency

of occurrence and prolongation, are television, radio and stereo sets.

Of these, TV sets rate as the mDst frequent offenders.

This chapter deals specifically with the types of partitions, con-

struction and installation techniques and various acoustical measures

that may be used in the contrcl of airborne noise. For convenience and

ease of understanding, the cortrol of airborne noise will be treated

primarily as a partition wall problem; although the principles and ideas

developed here can be applied equally well to floor-ceiling assemblies.

In the consideration of floor-ceiling assemblies, one must cope with the

additional problem of controlling impact and structure-borne noise,

which is discussed separately in Chapter 7.

The functional objectives of a wall are: to support the structural

load of a building, to serve as a space divider or enclosure in the

visual sense and to act as a noise barrier.

Load-bearing walls are usually quite massive structures which

normally provide an adequate degree of sound insulation. On the other

hand, partition walls used solely as space dividers are for economic

reasons usually of lightweight, monolithic or rigid construction which

afford poor sound insulation. Generally speaking, a wall which will

provide adequate sound insulation in a given situation is one which will

reduce the transmitted noise to a level below that of the normal back-

ground noise. This sound insulating property of a wall or partition is

called the "sound transmission loss", which is expressed in terms of

decibels. The sound transmission loss, STL, is equal to the number of

decibels by which sound energy incident on one side of a partition is
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reduced in transmission through it. This is illustrated in the first

diagram of Figure 6.2, which shows a wall with an STL value of 30 dB

reducing an incident noise level of 70 dB to a transmitted level of

40 dB, a 30 dB reduction.

NOT AUDIBLE

30dB

BACKGROUND .

NOISE LEVEL

Fir,. 6.2. STL of Walls.

In this case, the transmitted noise level is above the background

noise and as a result is audible. The second diagram shows a 50 dB wall

under the same noise conditions reducing the transmitted noise to an

inaudible level, i.e. below that of the background noise. In this

0 instance, the background noise is said to mask the transmitted noise.

In the first example, the wall would not provide satisfactory sound

insulation whereas in the second case, adequate insulation would be

achieved under these conditions.

Thus, the satisfactory performance of the wall in a given situation

hinges primarily on three factors: (1) the sound level on the source or

noisy side; (2) the sound transmission loss of the wall; and (3) the

background noise level on the receiving or quiet side.

BACKGROUND AND MASKING NOISE:

From the foregoing example, one might reason that for a given case,

the higher the background noise level the lower the wall STL value

required for adequate sound insu'ation. Generally speaking, this is

true up to the point at which the background noise level itself becomes

as disturbing as the noise transmitted through the partition wall, as

might well happen if one should use nearby heavy downtown street or

expressway traffic noise for masking purposes. Under certain conditions,

background noise or even artificially induced masking noise may be

considered in selecting a partition wall which will perform satisfacto-

rily, providing that the background or masking noise is not too

disturbing and is smooth, continuous and preferably nondirectional in

character. This rules out noise sources which are either cyclic or

intermittent in operation such as furnace/air conditioner blowers and

compressors, or the continuous hum of automobile traffic which is

interrupted at frequent intervals by the roar of trucks.

The interior background noise level on the side of a building facing

a noisy area may be considerably higher than that on the shielded side.
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Use of this higher background noise level to "trade off" or compensate

for the selection of a partition wall with a comparably less STL value

would be a mistake. Only the occupants on the noisy side of the build-

ing would find the sound insulating performance of the wall satisfactory

because of the masking benefit. Since noise travels through a wall with

equal ease in both directions, the occupants on the quiet side of the

building, deprived of the masking effect, would find their neighbor's

noise quite disturbing.
On the other hand, if too much masking noise is introduced equally

in both apartments to coupensate for an acoustically poor party wall,

both occupants might raise the volume of their TV sets or voices, thus

negating the benefit of the masking effect. The net result is that the

ratio of the disturbing TV level to masking noise level, i.e. the ratio

of signal to noise level, remains the same. As a rule of thumb, the

upper limit for use of masking noise should be no higher than 10 dB but

more conservatively about 5 dB above the normal background noise level,

if the masking noise itself is not to be disturbing.

Artificially induced masking noise such as produced by electronic

devices and .continuous operation of fans can be more effectively used in

the acoustical design of office buildings where the sound insulation re-

quirements and the need for a comfortably quiet environment are generally

not as demanding as in dwellings. Perhaps the greatest value of such

masking noise, if properly shaped and controlled, is in its utilization

as an expedient, inexpensive, fairly effective method for relieving

noise transmission problems in existing buildings; or in masking

intermittent disturbing background noise, such as accelerating or brak-

ing vehicles, cyclic or periodic equipment noise, chirping birds,

crickets, barking dogs, children's laughter or other equally disturbing

noises.
The common economic practice of selecting somewhat noisy and

cheaper air-conditioning/heating equipment for purposes of using the

masking effect to compensate for the installation of cheaper and poorer

sound insulating partitions between dwellings usually ends up in

disappointment. Generally speaking, the noise produced by such instal-

lations is usually excessive and the cause of complaints. The architect

or builder is now in an awkward position. To reduce the noise output by

lowering the compressor or fan speed of the equipment, at the expense

of its heating and cooling efficiency, is guaranteed to bring on more

complaints from this direction. Even if the efficiency of the heating

and cooling system is preserved, the now obvious lack of privacy

between dwellings becomes a source of complaints. In serious.cases,

the architect or builder may be required to modify the heating and

cooling system and improve the acoustical performance of the walls,

which is a very costly and time-consuming process for the architect and

purchaser. Even if such corrective measures are carefully designed by

competent acoustical consultants, rarely are the desired results

achieved in practice, owing to either poor workmanship, unforeseen

problems or difficulties stemming from the initial building construction.

In short, masking noise in multifamily dwellings may be of some use in

dealing with intermittent outdoor noise, but it is not a substitute for

good sound insulating partitions.
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Before selecting the appropriate type of partition wall the archi-

tect should observe the following.

1. Establish acceptable interior background criteria as a design

objective. See Chapter 10 for suggested criteria.

2. Arrange for a detailed noise survey of the proposed building

site to determine the existing outside noise levels for purposes of

estimating the interior background noise levels within the dwellings and

what measures are necessary to reach the design objective. Estimates of

future noise levels also should be considered. If buildings of similar

construction are near the proposed site, a noise survey within such

buildings will simplify the task of estimating the interior background

noise of the new constructions. It is important that such surveys be

made on the quiet side of the building in order to obtain minimum back-

ground noise levels. As a precaution, the maximum design requirements

of the partition wall should always be based on the lowest measured

background noise levels.

3. As a design objective, assume a level of 75 to 80 dB for

average peak household noise generated by occupant activity. For

successful performance of the partition wall, its design requirements

must be based on the expected highest or peak average noise levels

rather than on the lower average steady state levels.

4. Based on the foregoing background and household noise consid-

erations, select a wall with an appropriate sound insulating capacity.

See Chapter 11 for a listing of various types of wall construction and

sound transmission class ratings.
The basic types of wall structures and the construction and

installation techniques used in the control of airborne noise are illus-

trated and discussed below. Although this discussion deals specifically

with interior walls, the ideas can be applied to exterior walls and

floor-ceiling structures as well..

A. MASSIVE WALL

)) )))

B. ISOLATED SURFACE C. DOUBLE WALL

))

D. SOUND ABSORBER

IN CAVITY

SEAL HOLES

AND CRACKS

Fig. 6.3. Basic Sound Insulating Wall Constructions.

MASSIVE OR HEAVY WALLS: (See Figure 6.3 A)

The airborne sound insulation effectiveness of solid homogeneous

walls of concrete, masonry, brick or solid gypsum construction improves

with increasing mass or weight, providing the constructions are either

non-porous or their surfaces are coated with a pore-sealing substance

such as plaster, grouting mix or heavy masonry paint. Thw average

J sound transmission loss of such walls, which are said to be i'mass
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controlled", increases only about 5 to 6 dB for each doubling of weight.

As a consequence, single walls of such construction become impractical
where a high degree of sound insulation is required. In terms of
economic and practical usefulness, a solid wall thickness of 8 to 10

inches approaches the upper limit of sound insulation effectiveness.

WALLS WITH ISOLATED SURFACES: (See Figure 6.3 B)

Walls of this type represent a form of discontinuous construction
which provides improved sound insulation performance at the expense of

little added weight. The construction involves the use of resilient
materials such as fiber boards, felt or cork strips, or resilient ele-

ments like spring clips or channels between outer wall surfaces and the

inner core wall.
The isolated wall surfaces may be fastened to either one or both

sides of the core wall. The resilient material or element acts as a

decoupler or vibration isolator which dissipates the vibrational energy.
Such isolated wall surfaces may be used in the same manner in rigid stud

constructions.

DOUBLE WALLS: (See Figure 6.3 C)
Double walls have substantially greater sound insulation than a

single wall of the same weight. Care should be exercised to avoid short

circuiting of the two walls by accumulated debris, wire ties or
excessive coupling at the perimeter edges. If high performance is to be
achieved, there should be a complete separation of at least 2 inches and

preferably 4 inches between the walls.
Double walls of wood frame construction include slit stud,

staggered stud and double stud walls, listed in order of increasing

effectiveness. In such constructions the air, by virtue of its

compressibility, acts as the spring element or vibration isolator. A

wider air space provides a softer spring action which results in greater

sound insulation.

WALLS WITH SOUND ABSORBENT LINERS: (See Figure 6.3 D)
The use of sound absorbing materials such as mineral wool blankets

in the airspaces of double walls or walls employing resilient elements
or staggered studding may improve the sound insulation of the wall from
3 to 8 dB, depending on the thickness of the blanket and type of wall

construction. Sound absorbing materials usually are more effective

in light frame than in heavy masonry construction. Such materials tend

to minimize the sound energy buildup in the hollow reverberant wall
cavities, particularly at the higher frequencies. However, they are

only marginally effective at low frequencies.
Unfortunately, the use of sound absorbing blankets in voids or

airspaces of conventional stud walls contribute little or nothing toward
improved sound insulation. Owing to the rigid ties of the stud framing

to the wall surfaces, the entire wall behaves like a diaphragm under
vibrational excitation and transmits the sound readily; thus the

effectiveness of the sound absorbing blanket is "short circuited".

PROPERLY SEALED WALLS: (See Figure 6.3 E)

In order to obtain the highest sound insulation performance, a

partition wall must be of airtight construction. Care must be exercised
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to seal all openings, gaps, holes, joints, penetrations of piping and

conduits. Even hairline cracks which might occur, particularly at the

adjoining wall, floor and ceiling edges, during the drying out period

or building settlement should be sealed. A substantially greater amount

of sound energy is transmitted through a crack than would normally be

expected on the basis of its area.
Both sides of the walls, particularly those of brick, concrete or

masonry block construction, should be surface coated with a plaster or

cement mix to seal surface pores, mortar joints, cracks, etc. In the

case of double masonry walls, the inner face of one wall should be back

plastered. These precautions also should be observed relative to

surfaces of masonry corewalls which may support furred-out gypsum board

or plaster faces.

PROPER INSTALLATION OF WALLS:
Success in achieving adequate sound insulation between dwellings

depends not only on the selection of the appropriate wall, but also on

the proper installation of the wall. In addition to the airtight con-

struction requirements discussed above, proper installation of the wall

should keep coupling or rigid ties to other structural assemblies at an

absolute minimum. Techniques for achieving this involve using gasketing

materials above and below head and base plates and at points of inter-

section with adjoining walls. The purpose of decoupling the wall is to

break up or minimize the flanking paths for structure-borne noise trans-

mitted from other areas. In addition, the flanking paths for airborne

noise via open ceiling plenums, corridors, etc., must be eliminated.

See Chapter 8 for additional discussion and illustrative examples

relative to proper installation of walls.

CONTROL JOINTS:
One of the problems associated with high-rise buildings is extensive

cracking and separation of party walls from adjoining wall and floor

constructions, which often results in serious loss of acoustical privacy.

Walls, particularly of non-load bearing construction, frequently fail

under the streises induced by floor slab deflection and movement of the

building's structural frame. The causes of such structural movement may

be differential expansion or contraction of exposed supporting columns,

wind and gravitational forces and differential settlement of the

foundation or footings. Such wall failures may be minimized through the

use of control joints properly designed to accommodate building movement

while preserving good sound insulating performance. The control joints,

which may be constructed of metal channels containing resilient gasket

material, should be used along the peripheral edges of the partition

walls, as illustrated in Figure 8.72.

OTHER PRECAUTIONS:
1. Avoid Short Circuits: Much too often the effectiveness of a

good sound insulating wall is inadvertently impaired by builders or con-

struction workers as a result of on-the-job changes, which might be

trivial for all other practical purposes but serious relative to noise

control. For example, a last-minute alteration of a kitchen cabinet

layout might ,:esult in mounting wall cabinets on party walls of

resilient spring construction. The cabinets must be rigidly and
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securely fastened to a sturdy stud-framework or perhaps an inner
masonry core wall in order to carry the heavy loads. Thereby, the
advantages of the resilient construction are lost and the sound insu-
lating performance of the wall is reduced to that provided by a single

homogeneous wall of the same weight. In a similar vein, pipe runs
through walls of resilieneconstruction or double walls will seriously
reduce the high performance of such walls if the pipes bridge across and
make rigid contact with the exterior wall surfaces by means of clamps or

cover plates. The overemphasis on structural rigidity, particularly
with respect to non-load bearing walls, is a frequent cause of poor

acoustical performance. For example, a common practice of.construction
workers is to use excessive nailing, cross-bracing, and wire tying of
resilient elements to gain an "extra measure" of structural strength or
rigidity simply "to be on the safe side".

Building foremen and inspectors should caution construction workers
that such seemingly insignificant practices may nullify the benefits of
good sound insulating construction.

2. Wall Mounting of Equipment or Appliances: A good rule of thumb

is to avoid mounting of motor-gear driven appliances, telephones,

exhaust fans and paper dispensers on party walls, or butting kitchen
cabinets with built-in appliances tightly against such walls. Unless
special mounting precautions are taken, the operation of such devices
may be the cause of serious noise complaints.

3. Walls with Windows or Doors: In the foregoing discussion, the
fact that partition walls may have windrms and doors has been largely
ignored. Even though well sealed, a window or a door in a wall usually
represents the "weakest link" in the sound insulating performance of the
composite wall assembly. In other words, a window or a door in a wall
usually transmits more sound than the rest of the wall.

While it is generally true that little will be gained by improving
the sound insulation of the wall as long as the window or door remains,
it is false to reason that the insulation of the wall need be no better
than that of the door. The total amount of sound transmitted through a
composite wall-door assembly depends on the surface area and the sound
transmission loss of each of the component parts. In general, if a
composite wall is constructed of two panels of equal areas but quite
different STL ratings, the average sound transmission loss of the
composite wall will be only slightly higher than that of the poorer
panel. If on the other hand, the area of the panel with the higher
STL rating is much greater, e.g. 10 times greater than the area of the
poorer panel, the sound transmission loss of the composite wall will be
substantially highcc than that of the poorer panel.

To illustlate this, consider a wall with an average STL of 50 dB
and an area of 220 square feet. Installed in this wall is a door with
an average STL of 20 dB and an area of 20 square feet. The net wall
area (less door) is 200 square feet, i.e. 10 times greater than the door
area. Using expressions (1) and (2) and the following table the average
sound transmission loss of the composite wall structure can be computed.

1
STLgjg1

wall
= 10 log10 dB (1)

where T is the transmission coefficient.
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where T., and T
2
are the transmission coefficients of the wall and door

respectIvely, si and 82 are their corresponding surface areas and S is

the sum of these surface areas.

Partition Area, ft
2

STL, dB Ts

Wall 200 50 .00001 .00200

Door 20 20 .01 .20

TOTALS 220 .202

STL
composite wall

= 10 log
10

222 m 10 log
10

1089.1 = 10(3.04 )= 30.4 dB .

.202

This shows that the 30 dB average STL of the above wall-door combi-
nation is substantially better than that of the 20 dB door. However,

this wall-door assembly would not provide adequate sound insulation.
The obvious solution would be to use a door with an STL rating of 30 dB
or better which opens into a vestibule or foyer, rather than directly

into a ltving room. In this way, one would preserve the integrity of

the 50 dB wall.

NOISE CONTROL WITHIN THE APARTMENT UNIT:
In addition to the disturbing intrusion of noises from other parts

of the butlding, the apartment tenant has little respite Prom noises

generated within his own dwelling. It is difficult for him to escape
from the clatter of the garbage disposal, the rumbling of the dishwasher,
the boisterous laughter of his children or the irritation of his wife's

favorite TV or radio program. Even though a person's tolerance of noise
produced by his own activity is quite high and he can control the noise
by curtailing his awn or family's activities, the fact remains that
domestic noises generated within a typical apartment are much more

disturbing than need be. This is due primarily to three factors:

(a) the operation of excessively noisy appliances, bathroom or plumbing

facilities and TV, radio or stereo sets,

(b) the open space design, particularly with respect to layout of
kitchen, dining room and living room, which provides no separation

of noisy areas from sensitive areas, and
(c) the poor sound insulation provided by partition walls and doors,

especially in bedroom and bathroom areas.
Although the techniques discussed throughout this guide deal pri-

marily with the control of noise transmission between apartment units,
they can be applied equally well to the problem of controlling noise .

within a dwelling unit. At the risk of being repetitious, the control

measures involve:
(a) using a well designed floor plan which separates noisy areas from

quiet areas by means of buffer zones and/or designing each room as

a self-enclosed area,
(b) vibration isolating plumbing systems, fixtures and built-in

appliances from wall and floor structures and cabinets,

(c) installing walls and doors with adequate sound insulation in all

sensitive areas, such as bedrooms and bathrooms, and
(d) installing carpeting and/or acoustical tile in most areas, partic-

ularly in hallways, which separate living areas from bedroom areas.
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CHAPTER 7

CONTROL OF STRUCTURE-BORNE NOISE

The most serious noise problems in multifmaily dwellings involve

the transmission of structure-borne noise. Because of the increasing

severtty and wide diversity of the overall problems its solutions are

of much greater importance and considerably more difficult to achieve

than those associated with the control of airborne noise.

Buildings obviously must be supported by loadbearing walls,

columns and beams, as well as structural floors, which must be joined to

form a structural framework of great strength and rigidity. Since these

members are highly efficient transmitters of vibration, the structural

frame of the building becomes a network of vibrational transmisslon

paths which subdivide and engulf the entire building enclosure. To

complicate the picture further, the installation of utility systems,

partition walls and equipment adds a multitude of new transmission

paths, some of which invariably become hidden from view in the completed

building. Thus, the problem of controlling structure-borne noise might

be vexing and difficult to resolve, if precautionary measures are not

incorporated in the early design stage of the building.

Unfortunately, the simple solution of forbidding the installation

of vibration sources within a building is impracticable. Instead, one

should limit the length of continuous transmission paths by introducing

joints, changes in materials or dimensions, isolators, or other

attenuating or decoupling devices as close to the source and ar

repeatedly as possible.
Although structure-borne noise is frequently transmitted by way of

wall assemblies, the problem is more severe with floor-ceiling struc-

tures which, due to their wide spans, are particularly susceptible to

impact and vibratory excitation. Such excitation causes diaphragmatic

movement of the entire floor-ceiling structure which results in noise

radiation from the ceiling surface into the room below. Unlike the lase

of airborne noise, increasing the mass of the floor structure is not very

effective, nor is the use of buffer zones between floors practicable.

As a consequence, structure-borne noise transmitted from the apartment

above is usually more disturbing than the airborne noise transmitted

from the apartment next door.

SOURCES OF STRUCTURE-BORNE NOISE AND METHODS OF CONTROL

The major sources of structure-borne noise are impacts, plumbing

systems, heating and air-conditioning systems, mechanical equipment or

appliances and low frequency vibration from external sources.

A. IMPACT NOISE:
This section will deal with impact noise and its prevention. Impact

noise is caused by an object striking against or sliding on a wall or

floor structure, such as that produced by walking, falling objects,

moving furniture or slamming doors. 'al sudh cases, the floor (or wal"

is set into vibration by direct impact and sound is radiated from both

sides. As will be shown later, the amount of noise generated by impact

on a floor is highly dependent upon the type of surface covering.
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IMPACT NOISE THROUGH WALLS:
Although most impact noise is transmitted through floor-ceiling

structures, problems of impact noise trar mission through party walls
may appear, particularly in one-roam efficiency apartments in which the
single room serves the multipurpose functions of living room, bedroom and
kitchen. The major causes of impact and structure-borne noise trans-
mission through party walls are:
(a) wall-mounted kitchen cabinets; where the impacts are caused by

placing dishes or canned foods on the shelves, as well as the
slamming of cabinet doors,

(b) wall-mounted appliances; such as knife shArpeners, can openers and
ice crushers,

(c) built-in dishwashers and garbage disposals as well as countertop
blenders and mixers; where the vibration is transmitted to the
party walls by way of the abutting cabinetry,

(d) built-in-wall units such as chests, closets and fold-in-wall beds;
where the noise is caused by the sliding of drawers and doors,
clothes hangers impacting against the wall and the opening and
closing of fold-in-wall beds.
Obviously in certain cases, particularly those involving one-room

efficiency apartments, measures must be taken to ensure adequate impact
noise insulation of the party walls separating dwelling units. Observ-
ance of the following rules of thumb will avoid most of such problems.

1. Refrain from mounting any noisy appliances, devices or kitchen
cabinets on or against party walls; party walls should be free or clear
of any appliances, cabinetry or household furniture.

2. If party walls must be used for such purposes, it is recommended
that they be of reasonably massive double-wall construction, e.g. double
brick or masonry block walls devoid of wall ties. Further, vibration
isolation mounting must be used in the installation of all appliances
whether on walls or in built-in cabinets.

3. Cabinets, which house appliances such as dishwashers or
disposers, should also be isolated from party walls and indeed all walls
by means of strips of resilient gasketing.

4. As a precautionary measure, walls using resilient channel or
spring clip construction should not be used as party walls, if wall-type
kitchen cabinets are to be mounted on them. The resiliently mounted
surfaces of such walls are not capable of supporting heavy loads. If the
cabinets are bolted to the inner rigid framework of such walls, the
spring action of the resilient element is short-circuited which results
in serious reduction of both the airborne and impact sound insulating
merits of the party wall.

Although not recommended, it is possible to mount cabinets on party
walls of resilient construction if specialized vibration isolating

mounting techniques are used, similar to those illustrated in Figure 8.69.
Other sources of impact noise disturbances are slamming doors and sliding
of furniture against party walls. In some cases the noise may be con-
trolled at the source; for example, door slams may be eliminated by the
use of door closers or rubber bumpers. Where the source of noise is

difficult to control, such as sliding of furniture against party walls,
the use of discontinuous or double wall construction may prevent the

transmission of such noise to adjacent apartments.
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The actual techniques used in controlling impact noise transmission
through floor structures differ somewhat from those associated with party
walls, but they are based essentially on the same principle of using a

form of resilient or discontinuous construction.

IMPACT NOISE THROUGH FLOORS:
Impact noises usually.constitute a serious problem because such

noises generally are of high intensity and transient or impulsive in

character. The problem is particularly acute in floors of light frame

construction. Because of their flexibility and lightweight, such
floors are easily set into vibration by impact excitation. Under heavy

foot traffic such floors will generally produce a thumping or booming
noise which tenants find most irritating. Whereas the high frequency
components of impact noise can be attPnuated quite easily by various
resilient types of floor surface coverings such as carpeting, cork or

rubber tile, the attenuation of low frequency impact noise requires the
modification of the basic structural floor with some form of discon-

tinuous construction. The basic types of discontinuous structures and
construction techniques used in the control of impact and structure-
borne noise are illustrated in Figure 7.1.

A, CUSHION IMPACT B. FLOAT FLOOR C. SUSPEND caLING rk SOUND ABSORBER

IN CAVITY
E.

ISOLATE AND SEAL

PIPING. ETC.

Fig. 7.1. Basic Sound Insulating Floor Constructions.

1. Cushion the Impact: (See Figure 7.1 A)

The most logical approach to the control of impact noise is to
cushion the impact by means of soft resilient surfacing materials. Such
materials dissipate a substantial amount of the impact energy and thus
reduce the energy which may be transmitted to the supporting structural
floor. The effectiveness of the impact insulation depends not only on
the thickness and resilient characteristics of the surface material but
also on the construction of the basic floor structure. For example, a
given carpet and pad combination on a floor of wood frame construction
would not necessarily provide the sine degree of impact noise insulation
as when placed on a concrete floor. Floors surfaced with soft resilient
materials are also effective in reducing noise produced by abrasive
actions such as sliding of furniture, vacuum sweeping and scuffling foot
traffic. Unfortunately, no appreciable gain in airborne sound insulation
is obtained by using carpets, pads or other resilient floor surface
materials.



2. Float the Floor: (See Figure 7.1 B)

Floating floor constructions isolated from the supporting structural

flcx,r by means of resilient materials or spring elements represent a type
of discontinuous construction which can be highly effective in reducing

the transmission of impact noise. The resilient material or element

might be in a form of rubber pads, mineral wool blankets or spring metal

sleepers which support nailing strips or subflooring. Floating floors

may be used on structural floors of masonry, wood or steel frame construc-

tion.
The effectiveness of a floating floor structure is dependent primar-

ily on three factors:

(a) the compliance of the underlayment or the resilient element,

(b) the mass of the floating floor assembly, and,

(c) the degree of decoupling of the floating floor from adjoining walls

and structures. In this regard the joint between the floating assembly
and the adjoining walls should be not only flexible but airtight, so

that the additional airborne sound insulation provided by the floating

floor is not wasted.
As a general rule of thumb, the greater the compliance of the

resilient material, the mass of the floating floor and its decoupling
from adjoining walls, the better the airborne and impact sound insulation

of the structure. Using carpets and pads or other resilient materials

on the floating floor will generally provide additional impact noise
insulation.

The following precautions must be observed in tile construction of a
floating floor, particularly of the type illustrated above, wherein a
resilient mat or pad is sandwiched between a structural floor and a
floating concrete floor.
(a) The characteristics of the pad must be such as to resist breakdown
or excessive deformation under long periods of loading.
(b) The pad must be covered with a protective layer of some strong
impermeable vinyl or other plastic material with overlapping edges to
prevent concrete from leaking into the pad during the pouring of the
floated slab. In fact, it is recommended that thin sheets of plywood or

hard boards be used on top of the plastic membrane to prevent its
accidental rupture during the pouring operation.
(c) The mass of the floating floor should be large compared to any loais
it will support in order to achieve a more uniform load distribution on
the resilient underlayment or pad.

3. Suspend the Ceiling: (See Figure 7.1 C)

Ceilings which are isolated from floor structures by resilient chan-
nels, hangers or separate ceiling joists usually are efficient airborne
noise insulators. However, in actual buildings such ceilings are quite
often ineffectual against impact noise unless precautionary measures
are taken. The reason for their poor performance is that any impact or
vibrational energy imparted to the floor-ceiling assembly is transmitted
to adjoining loadbearing walls or other structures and is reradiated as
noise elsewhere. In effect, these structural flanking paths by-pass the
isolated ceiling. In laboratory installations where flanking trans-
mission is virtually eliminated, floors with resiliently suspended ceil-
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Ings perform remarkably well, as shown in Chapter 11. The architect

is cautioned that such results may be achieved in actual buildings only

when the floor-ceiling structure is vibrationally decoupled from support-

ing walls or the interior wall surfaces of the roam below are resiliently

mounted. In the latter case, resilient gaskets should be laid under the

base plates of these walls to minimize transfer of vibrational energy to

the floor of the roam. In short, the shell-within-shell design should

be usea for effective control of impact noise transmission.

4. Sound Absorber in Cavit : (See Figure 7.1 D)

As in the case of double walls, the insertion of sound absorbing

materials in the cavities of the floor-ceiling structure improves its

sound insulation providing that the structure has a floating floor

and/or a resiliently hung ceiling. In conventional floor-ceiling
assemblies, wherein the flooring and ceiling surfaces both are rigidly

coupled to the structural floor, sound absorbing materials within the

cavities are relatively ineffectual.
Sound absorbing materials improve both the airborne and impact

sound irsulating performance of most floor structures incorporating

resiliently mounted surfaces. However, such materials usually are more

effective when used in suspended ceilings rather than in floating floor

structures, and as a rule provide more insulation against airborne noise

than impact noise.

5. Isolate and Seal Pius: (See Figure 7.1 E)

In order to obtain a high degree of sound insulation, the floor-

t:.eiling structure must be of airtight construction. All openings or

;yips, particularly at the per:,heral edges of the structure and around

pipe or conduit penetrations, should be sealed with a waterproof, non-

setting caulking compound.

6. Pro er Installation of Floors:
The installation of floor-ceiling assemblies should be designed to

keep coupling or rigid ties to other supporting structures at an absolute

minimum. Installation techniques which meet the structural support

requiremeats and yet provide adequate decoupling involve the use of cork

plates between the floor and supporting structures, es illustrated in

Chapter 8.
In order to minimize the transmission of impact noise between

neighboring apartment uets, avoid the practice of laying a continuous
subfloor throughout the building, particularly at the points where

party walls are to be installed. The common practice of rigidly tying
non-loadbearing walls to floor-ceiling structures should be avoided,

since thil provides a flanking transmission path for impact noiscs and

frequently is a cause of poor acoustical performance. The acoustical

performance of variou- floor structures is illustrated in Figure 7.2.

7. Avoid Short Circuits:
In floating floor constructions, a clearance must be maintained

between the entire periueter edge of the floor and adjoining walls, base

boards and toe molds. This is especially important to prevent short

circuiting the isolation provided by the floating floor. The perimeter

clearance should he filled with resilient gasket raterial or sealed with
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Fig 7.2. Insulation Effectiveness of Various Constructions,

Re: Impact Noise and Equipment Vibration.

a waterproof non-setting caulking compound. In like manner, a clearance

must be maintained between a floating floor and any pipe or service

chase installed br!tween the structural support floor and the floated

floor.
Pipes or conduits penetrating floor structures with floating floors

or resiliently hung ceilings must be isolated with rubber or neoprene

sleeves to avoid rigid coupling of the floating elements to the

structural floor.
With regard to resiliently hung ceilings, flexible connectors must

be used in the installation of ductwork and electrical fixtures to

prevent short circuiting of the suspended ceiling. A clearance must be

maintained between the perimeter edge of tbe ceiling and adjoining wall

surfaces. The edge clearance should be filled with resilient gasket

material or non-setting caulk which can be properly finished. Failure

to do this usually causes short circuiting of the ceiling suspension

system which results in poor impact noise insulation.

Resiliently mounted wall surfaces should be used in conjunction

with resiliently suspended ceilings and special care be taken not to

restrain the action of either resilient system at the ceiling-wall

junction. Similar precautions should be observed with respect to the

wall-floor junction.
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8. Floor Mounting of Appliances and Electro-Mechanical Equipment:
Household appliances such as refrigerators, washing machines and

clothes dryers should be vibration isolated from the floor by means

of rubber mounts. If such appliances are installed in kitchen cabinets,
they should be vibration isolated from both the floor and the cabinets,

or the cabinets must be isolated from the floor by rubber or resilient

gaskets. If such installation techntques are ignored, equipment noise
and vibration will be transmitted to the floor structure which may

amplify tne noise to disturbing levels.
Large heavy equipment such as boilers and central heating plants

should be installed in basemen' or slab-on-grade locations. The

equipment should be mounted on massive inertia blocks which are support-

ed on vibration isolators. If such installation techniques are not

used, the section of the floor slab directly under the equipment must
be separated and isolated from the main floor slab by means of expansion

joints. All pipes, conduits or service distribution systems must be
vibration isolated from nich equipment by means of flexible connectors
to prevent transmission of vibrational energy to the main floor slab or

building walls. For further discussion and illustrations relative to

floor structures refer to Chapter 8.

SQUEAKING FLOORS

I Causes:
On occasions, the problem of floor squeaking is more seriois than

that of impact noise, because generally both families separated by the

defective floor will register their complaints. Although the problem

commonly is found in buildings of light frame construction, it may

appear in buildings with concrete floors surfaced with wood block or

strip flooring.
In general, floor squeaks are caused by the rubbing or sliding of

one floor layer over another or the movemen- between adjacent blocks,

strips or sections of subflooring or finish floor. Such movement may

be due to any one or a combination of the following factors.

(a) Excessive deflection of the structural floor:
Although a floor joist system may be adequately designed in terms

of structural and load requirements, it may deflect sufficiently under
foot traffic to _emit movement of the surface flooring; this generally

occurs when either the depth of the joist is too shallow or the spacing

between joists is too wide for a given floor span.

(b) Excessive moisture or humidity:
The installation of dry flooring in damp areas often results in

squeaking floors because the absorption of moisture by the flooring

causes it to swell, crush and buckle. On the other hand, flooring

materials which inadvertently have been exposed for extended periods

to wet or damp surromdings should be redried before installation;

otherwise, the excess moisture absorbed by the material will eventually

dry out causing the floor to shrink and show cracks.

(c) Poor quality floorivg material:
Poorly manufactured strip Lr wood block flooring in which tongues

do not fit tightly in the grooves may lead to squeaks. Another cause
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of squeaking is flooring or joists which permit strips, blocks or

sheathing to rock under foot.

(d) Poor nailing:
The most frequent cause of floor squeaking is poor nailing which

may result from improper spacing of nails, poor workmanship and the

use of undersize nails.

II Methods of Controlling Floor Squeaking:

The most effective means of eliminating the squeaking

involve:

(a) using straight, true, good quality flooring materials

(b) building a rigid well-constructed floor system,

(c) controlling proper moisture content of flooring prior

tion.

(d) inserting building paper or felt betweer finish and subfloor layers

to eliminate rubbing or sliding contact,

(e) employing good nailing techniques.

If squeaks occur in a finished floor, the cause nust be determined

before corrective measures can be taken. However, some squeaks can be

eliminated by lubricating the tongues of wood blocks or strips with

mineral oil introduced sparingly into the openings between adjacent

boards. With the exception of floating floors, loose finish flooring may

be securely fastened to subflooring by surface nailing into the subfloor

and preferably the joist. Ring type nails or sawtooth staples, properly

spaced, should be used in nailing finish flooring o subflooring. In an

exposed joist structure, where finish flooring is varped, driving screws

up through the subfloor and into the finish floor will be effective in

drawing the floor layers tightly together to reduce the novement.

Prior to installation of ceilings, spaces between warped joists and

subfloor should be shimmed and wedged to reduce deflection of the floor-

ing. Excessive deflection of the structural floor due to lightweight

or widely spaced joists may be corrected by the insertion of a few extra

joists, if the under surface of the floor is exposed. However, if there

is a finished ceiling below the floor, cross-beaming with support

columns may be the most expedient corrective measure.

For typical residential floor installations, it is suggested that

the deflection of the floor should not exceed 1/8 inch under a uniform

dead-load distribution of 40 lb/sq ft. This amounts to approximately

one fourth of the conventional deflection limitations which are based

on 1/360 of the floor span.

Although the above discussion dealt primarily with conventional

floors of wood construction, all except one of the techniques for con-

trolling floor squeaking are applicable to floating floor systems. The

one exception is that a floating floor should never be surface-nailed

through the resilient elements faito the subfloor or joists of the struc-

tural floor. To do so would short circuit the impact sound insulating

actior of the floating system. For further discussion of the squeaking

probler associated with floating floors, refer to Chapter 8.

For a more thorough and comprehensive discussion concerning proper

installation of wood flooring, refer to Agriculture Handbook No. 204,

entitled, "Wood Floors for Dwellings", U.S. Department of Agriculture,

Forest Service.

floor problem

and joists,

to installa-
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B. PLUMBING NOISE:
Most apartment occupants-readily admit that noise arising from the

use of plumbing services, whether within their awn dwelling unit or

those located elsewhere in the building, can be heard almost anywhere
in their apartment and in many cases throughout the building. In short,

it is difficult to escape from the plumbing noise nuisance. Though
plumbing noise is seldom very loud, it can be most annoying, particularly
during hours of relaxation, and quite frequently is the cause of
embarrassment, especially when bathroom facilitics are used. Although
never discussed publicly and only rarely among close friends and
acquaintances, the noise generated by bathroom facii t:es is the cause
of more embarrassment, d4scomfort and complete invasion of one's

privacy than perhaps any other household noise. It is for these reasons
that plumbing noise problems are at least as serious as those of impact

noise. Unless effective counter measures are taken the present problems
will become worse, due to the poor design and installation of plumbing
fixtures and the current trend toward the use of high pressure systems,
thin-wall piping and lightweight building construction. Solutions to

these problems are not very simple because of the numerous types of
noise sources and transmission paths involved.

I Causes or Sources:
A basic understanding of the causes or sources of plumbing noise

should be helpful in devising methods for its reduction and control.
The causes of plumbing noise are one or a combination of the following.

(a) Turbulent flow:
High water pressures with resultant high flow velocities cause

turbulence particularly around bends, valves, taps and connectors which
usually contain many sharp edges and constrictiorl. The familiar

hissing noise, occurring frequently at partially upened taps, is
associated with turbulence. It has been suggested that this noise is
due to the combined action of eddies and collapsing water vapor bubbles.

(b) Cavitation:
Although turbulent flow is considered to be the chief cause of

plumbing noise, the onset of cavitation in a plumbing system will

result in much higher noise levels. Both conditions may exist

simultaneously, especially around restrictions in high pressure systems.
Cavitation is associated with the collapse of vapor bubbles, which
are formed at some restriction by a critical combination of high
velocity and low pressure.

(c) Water hammer:
The noisy hammering of a plumbing system is usually caused by the

sudden interruption of water flow; for example, by a quick-closing tap.

The sharp pressure build up at the point of interruption forms a shock
wave which reflects back and forth in the system. The multiple reflec-

tions produce a series of hammer-like noises which gradually decrease in
loudness as the energy of e.le shock wave ii dissipated. The sudden
release of pressure by a quick-opening valve which discharges into a
section of piping with a narrow restriction, elbow or tee connector also
may cause hammering of the plumbing system.
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(d) Pump Noise:
Noise in plumbing systems is frequently caused by motor driven pumps

which, by virtue of rigid mechanical coupling, transfer the vibratic_al

energy of the motor,or, the pump to the piping system.

Noises due to such sources are easily recognized, since they consist

mostly of pure tones associated with the rotational speed of the pumps or

motors. The current trend toward using miniaturized, high-speed, shaft-

coupled motor pumps has intensified this problem.

(e) Defective parts or fittings:
Defective, loose or worn valve stems give rise to intense chattering

of the plumbing system. The defective device frequently can be pinpointed

without difficulty, since tumediate use of the device causes the vibration

which generally occurs at some low flaw velocity setting and diminishes or

disappears at a higher flow setting. For example, if vibration occurs

when a particular faucet or tap is opened partially and diminishes when

fully opened, the faucet more than likely has some loose or defective

parts.
(f) Expansion and contraction of piping:

The expansion and contraction of pipes produce a staccato-like

s-.ies of creaking, squeaking and snapping noises which are caused by the

sliding or binding of the pipes against studding or other supports.

(g) Drains:
The draining of water from bath tubs, basins and toilets produces

gurgling noises which frequently are more annoying than those associated

with the filling of such units. The noise problem is intensified when

vertical drain systems do not run directly to the basement, but branch

off into horizontal pipe runs which usually are supported from floor

joists. Falling water striking the horizontal piping sets the drain

system into vibration which in turn is transmitted to the building

structure.
(h) Running water:

The singing or whistling of pipes or the splashing of water, such as

that associated with filling a bath tub or running a shower, is irritating

primarily because the noise persists for extended periods of time.

(i) Entrapped air in plumbing system:

A relatively common noise problem generally confined to newly

constructed buildings is that caused by entrapped pockets of air in the

plumbing systems. The combined action of water pressure and compression

of the air pockets may produce intense noise and vibration disturbances

which are characterized by explosive bursts, spewing and spitting of

water and air from open faucets or taps and hammering or knocking of the

piping system. Such problems seldom are a source of complaints, unless

they persist for extended periods. Generally speaking, the problem

eventually corrects itself by gradual release of the entrapped air through

continued use of the plumbing services.

II Methods of Controlling Plumbing Noise:

Water pipes and fixtures are rather inefficient noise radiators

because of their small radiating surface areas. The major problem arises

when such sources or their support systems are rigidly coupled to large

efficient noise radiating surfaces such as wall, ceiling and floor struc-
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tures. Such surfaces, acting as sounding beards, reradiate the noise at
more intense levels.

Some of the most common techniques used for the control and reduction
of plumbing noise are given below. They are listed in order and should be
combined for greatest effectiveness.
(a) Isolation of plumbing system:

All effort expended for the proper design of a quiet plumbing system
is wasted if the system is not properly installed. Since large
efficient noise-radiating surfaces such as walls, ceilings and floors
pose the chief problem, efforts should be made to isolate the plumbing
system from these structures.

Bands or collars of resilient material such as rubber, neoprene,
felt or mineral wool should be placed around pipEs at points of support,
e.g. pipe clamps, straps or hangers and penetrations through wall and
floor structures. In addition, when possible attach all pipe clamps or
supports to the most massive structural elements, such as masonry walls.
Avoid hanging pipes from floor joists or attaching them to lightweight
wall surfaces. The above precautions also should be observed when a large
number of pipe runs are to be cradled in a rack, or the rack itself should

be vibration isolated from the wall by means of rubber grommets.
Bath tubs, toilets and shower stalls should be set on underlayments

of cork, rubber, neoprene or other resilient materials or installed on
floating floors to reduce the transmission of noise due to falling water.
Likewise, the fixtures should be vibration isolated from supporting walls
by means of resilient gaskets. Such mounting precautions should be
observed with respect to installation of wash basins and faucet fixtures
as well.

(b) Use of quiet fixtures:

Siphon-jet toilet and flush tank fixtures with adjustable flow valves
are considerably less noisy than conventional models. Taps and faucets
using full-ported nozzles and equipped with anti-splash or aeration
devices produce little noise.
(c) Reduction of water pressure:

High-pressure plumbing systems are inherently noisy, due to the
resultant turbulent flow generated within such systems. The static
pressure of main water-supply lines of buildings with three stories or
less should be regulated so that it will not exceed 50 psi. The water
pressure in branch lines serving individual apartment units should not
exceed 35 psi. In high-rise structures where high-pressure main supply
lines are required, pressure reducers or regulators should be used in
supply branches at various floors to maintain water pressure within the
above limits.
(i) Reduction of water velocity:

High velocity flaw in a plumbing system, due chiefly to undersized

piping, gives rise to turbulence which frequently generates excessive
noise A noticeable reduction in noise level may be obtained by using
proper size piping to lower the water velocity. Flow velocities of the
order of 6 ft/sec or less in domestic systems have been found to be quite
acceptable. Specified flaw capacity requirements can be met and a
substantial reduction in noise can be obtained by using both pressure
regulators and larger diameter piping in the plumbing system.
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(e) Use of flexible connector:, and air chambers:
Flexible connectors should be used in coupling supply and drain pipes

to vibrating appliances such as pumps, garbage disposers, clothes and

dishwashers. Since such appliances frequently have electrically operated
shut-off valves, air chambers or other shock absorbing devices should be

installed in suppl) and drain lines to prevent water hammering of the

plumbing system. The air pockets, rubber inserts or spring elements in

such devices act as shock-absorbing cushions.

(f) Use simple plumbing layout:
A well designed plumbing system with a minimum of fittings and bends

is substantially less noisy than a complicated layout. Proper size fit-

tings and large-radius elbowe or bends should be used for improved

performance.
(g) Location of supply and drain pipes away from quiet areas:

In order to prevent the transmission of noise into bedroom areas,

supply and drain pipes should not be installed in walls common to bath-

rooms and bedrooms. Piping should be installed in partition walls which

separate adjacent bathroom or kitchen areas. Supply and drain pipes must

be isolated from internal studding or wall surfaces.

(h) Sealing around pipe penetrations:
To prevent noise leaks, seal all openings around pipe penetrations

through wall and floor structures with a non-setting waterproof caulking

compound. Party walls between bathrooms should be completely finished

to floor level on both sides, particularly in back-to-back tub and/or

shower installations. Failure to surface the walls behind tubs results

in serious noise transmission problems. Likewise, both subflooring and

finish flooring in bathroom areas should be completely finished before

tubs and shower stalls are installed. Solid core doors with gaskets

and drop-closures should be used in bathroom areas to ensure much needed

privacy.

(i) Pipe enclosures:
Large diameter supply and drain pipes, particularly in high pressure

systems, frequently radiate considerable noise. Such pipes should be

boxed in gypsum board enclosures, preferably lined with acoustical material.

An alternate, though somewhat less effective, techniqut. is to enclose the

pipes in thick glass fiber jackets with heavy impervious outer coverings

of plastic or leaded-vinyl materials. It has been suggested that the

glass fiber jackets should have a density of about 6 lb/cu ft and a

thickness of at least 3 inches. The impervious covering should weigh

at least 1 lb/sq ft.
Most of the above techniques used for the control and reduction of

plumbing noise are illustrated in the following chapter.

C. HEATING AND AIR-CONDITIONING SYSTEM NOISE

The increasing severity of the noise problem associated with heating,

ventilating and air-conditioning systems is due primarily to the current

trend toward installation of the following types of systems:

(1) small, individual, apartment-size units in medium rise, garden-type

or townhouse buildings. Such units feature small-diameter, high-speed,

motor-coupled blowers and simplified supply ducts with open corridors

serving as centralized returns, and
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(2) high-pressule, high-velocity, large centralized systems with
complex distribution networks in multistory or high-rise buildings.

I. Closet Installation of Heating and Air-Conditioning_ Equipment:

The conventional apartment-size heating and air-conditioning

installations are notoriously noisy. Tenants complain vehemently that

their sleep is seriously disturbed due to the excessive operational

noise of the system. The noisy equipment is a constant source of

irritation and annoyance even during their leisure hours. Tenants must

tolerate the racket or else suffer the discomforts of a poorly heated

or air-conditioned apartment when the equipment is turned off.

An examination of a typical installation shows that the noise

problem is due to the following factors.

(a) Location of unit.
For economic reasons, the unit is generally installed at a central

location in the apartment. As a consequence, the disturbing noise is

radiated in all dire:tions throughout the apartment with equal facility.
The unit should be installed outside the apartment or in a kitchen or

laundry area which is far removed from noise sensitive areas.

(b) Closet enclosure:
The central hall closet, in which units normally are installed, is

generally of wood stud and gypsum board construction with louvered doors.
As a consequence, the furnace or air-conditioner noise radiates with
virtually undiminished intensity from this acoustically weak enclosure.
For adequate sound insulation, the closet walls should be of double stud

or resilient element construction surfaced with double layers of gypsum

board. Single masonry walls sealed with masonry paint or plaster also

would provide adequate sound insulation. The closet should be closed

with a solid core door equipped with a perimeter rubber gasket seal and

drop closure. A small fan housed in a lined duct could be used for

forced ventilation of the closet enclosure, if necessary.

(c) Blower:
Most apartment-size heating and air-conditioning units come equipped

with high-speed motor-coupled blowers which are frequently the chief

source of noise. Large diameter, low-speed belt-driven blowers are

substantially less noisy, all other factors being equal.

(d) Central return duct:
The installation of the central return of a typical individual

apartment size heating and air-conditioning system has two serious short-

comings. The central return usually is coupled to the blower by a short-

length, unlined duct with a relatively large cross-sectional area. As a

result of the short transmission path and the lack of acoustical lining,
the return duct transmits and radiates the motor-blower noise with undi-

minished intensity. Since there are no return ducts in individual rooms,
entrance doors are undercut approximately one inch at the bottom to
provide passage of the air and thus complete the circulation system.

Unfortunately, the large air gaps under the doors are extremely effi-

cient flanking noise paths which effectively nullify the sound insula-

tion of intervening partition walls between adjoining roams.
A practical solution to these problems involves:

(1) installing a flexible boot at the blower end of the return duct,
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(2) lining all interior kairfaces cf the return duct with sound

absorbing material,

(3) installing solid-ccre doors equipped with threshold seals in

noise sensitive areas such as bedrooms and bathrooms,

(4) installing in each room an air return which consists of both an

acoustically lined cavity within the wall and two grille openings

vertically staggered about six feet, similar to that shown in

Figure 8.34,

(5) installing approximately 5 lineal feet of acoustical lining in

supply ducts, preferably at the grille or discharge end. This

would provide a substantial reduction in noise from these outlets.

(e) Installation:
In most central-closet installations, the heating and air-condition-

ing equipment is mounted directly on the floor with all ducts coupled

directly to wall structures. As a consequence, the wall and floor

structures are set into vibration and reradiate the noise with increased

intensity. Placii4 vibration isolators under the equipment and using

flexible boot connectors on supply and return ducts should reduce the

noise output significantly.
Most of the control measures given above are illustrated in

Figures 8.32 through 8.36.

II. Central Buildinglatallation_of Large Heating and Air-Conditionin

,Systems:

The high-pressure heating and air-conditioning installations in

large multistory buildings frequently are very noisy and give rise to

numerous complaints from the occupants.

Causes or Sources of Noise:

Owing to the complexities of such installations, noise may be

generated in a number of ways. The principle sources of noise are:

(a) Turbulent air flaw:
Turbulence in a duct system may be caused by high velocity air flow,

pulses created by blower blades, or the flow of air around sharp bends

or ragged edges.

(b) Resonance, pulsation, flexing, and drumming of duct walls:

Most air distribution systems with thin-wall sheet metal ducts can

be easily excited into resonance by the flaw of air impinging on the

duct walls and fan or motor vibration. Because of the thin-wall

construction and the lack of bracing or stiffeners, duct walls will

pulsate under the impact of the turbulent air. Direct coupling of fans

or motors to a duct system frequently causes the system to vibrate or

drum at frequencies associated with the fan or motor speeds. The

rattling or buzzing of a duct system often is caused by loose connections

which permit ducts to vibrate against each other or their supports.

(c) Mechanical noise and vibration:
Mechanical noise generated by the operation of motors, compressors,

pumps, fans or blowers is transmitted along the air stream within the

duct system. The main sources of mechanical noise are ball and roller

bearings, motor commutators and brushes, belts and pulleys and fan or

blower blades. The air pulses from blower blades usually generate pure

tone at frequencies associated with the number of blades passing a
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fixed point per second.
Mechanical vibratfon in a heating and air-conditioning system

usually is caused by improper dynamic balance or alignment of rotating

units such as fans, blowers, pulleys and motors. Defective ball or

roller bearings and bent shafts or axles may also be sources of

vibration.

Methods for the Control of Heating and Air-Ccnditioning System Noise.

If noise problems associated with heating and air-conditioning
equipment are to be avoided, careful consideration must be given to the

proper design and installation of the three major integral parts of the

system; namely:

(a) the mechanical equipment, which includes furnaces, blowers, fans,

motors, compressors and pumps, (b) the air distribution or duct systems

which include main supply and return ducts as well as branch networks,

and (c) the terminal units, which include induction units, diffusers and

grilles.
To ensure a proper installation, the architect should consider

each part separately in the order listed, siuce this represents

the means by which noise is transmittA from the source to the

receiver, the building occupant. The following noise control measures

should be observed.

Heating and Cooling 7,quipment

(a) Selection of equipment:
Equipment should be selected on the basis of low noise output. The

more progressive manufacturers provide sound power ratings of most types

and sizes of equipment they market. Such ratings, which frequently con-

tain sound power levels in various frequency bands under different load

conditions, are useful for acoustical design purposes. A few salient

points worth remembering are:

1. It is less expensive to install quiet equipment than to reZ9ce the

noise output of a cheaper unit by costly acoustical treatment or

construction.

2. Centrifugal fans are less noisy than vaneaxial fans, all other

factors being equal.

3. For a given flow capacity, large-diameter, slow-speed, belt-driven

blowers are substantially less noisy than small-diameter, high-speed

motor-coupled blowers,

4. For purposes of noise control, it is more advantageous to install

equipment with output capacities which are greater than required instead

of installing smaller units which must labor continuously at maximum

speed in order to meet the building's minimal heating or cooling require-

ments.

(b) Location of equipment:
Basement or slab-on-grade locations, far removed from living quar-

ters, are preferred for medium-sized heating and cooling installations.

Roof top or intermediate floor-level locations should be avoided,

particularly in multistory buildings of light frame construction. Such

locations usually give rise to serious noise and vibration problems,

which often are difficult and expensive to correct.
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Extremely large or heavy duty equipment associated with high-rise

buildings should be installed either in sub-basement areas or in separate

buildings of windowless masonry construction, located a minimum of 200

feet from the nearest apartment bedroom area. In many instances, housing

such equipment in separate buildings is considerably cheaper than the

expensive sound insulating constructions required for in-house operation.

(c) Acoustical construction of equipment rooms:

Noise levels in equipment rooms which hnuse heavy duty heating and

air-conditioning equipment frequently exceed 90 dB. If such rooms are

near noise sensitive areas, a high degree of acoustical separation or

isolation between the areas will be required to prevent serious noise

complaints. Either double wall construction or the use of closets,

corridors or storage areas as buffer zones is essential, in both

horizontal and vertical directions.
Double doors of solid core construction or heavy, thick refrigerator

type doors should be used in the equipment roam. Since such roams

generally are quite reverberant, thick sound absorbing material should

be applied to the ceiling and 507. of the wall area. All penetrations

through wall and floor ceiling structures must be carefully fulled to

prevent noise leakage. All ducts must be of heavy, double wall construc-

tion with innermost surfaces lined with acoustical material. Refer to

Figures 8.44 through 8.47.

(d) Installation of equipment:

1. Vibration isolation of equipment:
Very large and heavy blowers, motors, compressors, pumps and

calming chambers should be mounted on concrete inertia blocks or bases

which weigh at least three and preferably five times the combined weight

of the supported equipment. The inertia block should then be isolated

from the structural floor slab by means of vibration isolators. The

architect should engage the services of vibration engineers in designing

the installation of large, heavy-duty equipment.

In installations of lighter or smaller units, it might be sufficient

to mount the equipment on a heavy plywood base which rests on a resil-

ient underlayment. Such equipment may be mounted directly on the base-

ment or on-grade floor slab providing that part of the slab directly

under the equipment is structurally isolated from the main building slab

by perimeter expansion joints.
All rotating and vmiprocating equipment should be dynamically

balanced to minimize vibrational resonance of fan blades, structural

frames, metal panels or component parts. Proper alignment between motor

and belt-driven or shaft-coupled units such as blowers, circulating

pumps and compressors is essential for quiet operation. All pipe and

electrical lines should be connected to the equipment with flexible

connectors.
2. Vibration isolation of ducts from equipment.

In most vibration isolated heating and air-conditioning installa-

tions, one of the greatest and most frequent mistakes is made at the

discharge end of the blower. In a typical installation the discharge

port of the blower is connected by means of a flexible boot to a short-

length header duct of approximately the same cross sectional area. This

header duct generally feeds into a vertical riser of the main supply

duct system which is rigidly supported from the ceiling slab by tie rods.
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The point that invariably is overlooked in such installations is

that the flexi le boot cannot isolate the ductwork from the vibration of

the blower housing. The intense air-flow turbulence, which is generated

by the blower blades, is carried beyond the flexible boot with undimin-

ished intensity and causes flexing and pulsation of the duct walls and

severe vibration of the header and riser ducts. As a consequence, not

only is the flexible boot rendered useless, but the effectiveness of all
acoustical lining or sound silencers within such ducts is short circuit-

ed, since they are component parts of the vibrating source.
The vibratirIn due to turbulence in a typical installatfon is many

times greater than that due to mechanical vibration of the motor-blower

unit. Of course, if one eliminated the turbulence by reducing the blower
qpeed or removing the blower blades, the flexible boot would be most
effective in isGlating the ductwork from the mechanical vibration of the

motor-blower unit. Unfortunately in most cases, this cannot be done
without seriously reducing the efficiency of the heating or cooling

operation.
The practicable solution to the problem of reducing turbulence in

and near the blower region involves the combined use of large-diameter,
slow-speed blowers and a plenum or calming chamber on the discharge side
of the blower.

3. Plenum or calming chambers:
The plenum chamber is a large volume enclosure designed to reduce

air flow turbulence. It should be constructed of heavy metal or rigidly
braced walls with flexible boots fitted to flared intake and exhaust

ports

The design of a plenum chamber should be based on the anticipated
afr flow velocity and the cross-sectional dimensions of the blower
discharge port. A conservative design of a plenum chamber, which should
be taken only as a guide, might have a cross-sectional area approximately
ten times that of the discharge port and a length about 5 times the
largest port dimension. Streamlining the chamber and inserting split-
ters would simplify the problem of reducing air turbulence. Lining the
inside surfaces of the plenum chamber with sound absorbing materials
would reduce the noise level build-up due to reverberation and hence the
amount of noise transmitted along the duct passages. Refer to Figure

8.45.

Ducts

Because ducts are extremely efficient transmission paths of air-
borne and structure-borne noise and vibration, considerable attention
must be given to the proper design, construction and installation of

duct networks. Noise problems most common to ducts usually involve:

(a) Equipment noise:
Airborne noises from equipment are easily transmitted through the

duct passages. The installation of souni absorbing lining or pre-
fabricated sound silencers in the :uctwork will substantially reduce the

noise transmission.

(b) Cross talk:

Noise Erom one room to another is easily transmitted through an
unlined duct serving both rooms. For example, this frequently occurs
in a common return duct in back-to-back bathroom installations; or in
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common ducts in which the grille openings serving separate apartment
units are too closely spaced. Such problems also arise in exposed,
thin-wall main ducts which span across adjacent apartment units, even
though such ducts might not have any grille openings. Domestic noises
may penetrate the thin walls of the ducts in one apartment, travel
through the short duct passage in the party wall and emerge through
the thin-wall duct of the adjoining apartment. Noise transmission from
one apartment unit to anot.her may also occur by way of openings and holes
around poorly sealed duct penetrations through wall and floor structures.

The above noise transmission paths short-circuit the sound insula-
ting effectiveness of the intervening party walls and floor structurea.
The following corrective procedures should be used to eliminate the cross
talk problem.
1. Separate grille openings as widely as possible and line the inter-
vening duct run with acoustical material or install sound silencers or
baffles, preferably at the party wall junction. Avoid back-to-back
grille openings at all costs.
2. Where common ducts are to be exposed in the apartments, heavy-wall
duct construction is essential. Double-wall acoustically-lined ducts
are mandatory '')etween high noise and sensitive areas. An alternative to
such construction would involve enclosing thin-wall duct runs in gypsum
board.

3. Isolate ducts from wall and floor structures at points of penetra-
tion with collars or sleeves of rubber, neoprene or other resilient
material; and use a non-setting, waterproof caulk at such points to
ensure an airtight val.
(c) Duct vibration:

The turbulent air flow generated by the blower blades is the chief
cause of duct vibration. In order to prevent the transfer of this
vibrational energy to the building structure, the following steps should
be taken:
(1) reduce the turbulence by using a properly designed blower and a

large plenum chamber with flexible boots at intake and exhaust ports;
(2) use resilient hangers and duct supports; (3) isolate ducts from
wall and floor structures with resilient sleeves or collars at points
of penetration or termination; and (4) construct ducts of heavy gage
metal or use br:ct-1 and stiffeners to prevent flexing and pulsation of
the duct walls.

(d) Turning vanes:

Turning vanes frequently are installed at sharp bends in ducts in
order to reduce the turbulence and thus minimize the noise output.

Because such vanes frequently are constructed of light gage, loose
fitting parts which resonate and rattle, they tend to intensify rather
than alleviate the noise problem. Such problems may be avoided by
using streamlined vanes constructed of heavy gage metal coated with a
thick layer of vibration damping mastic. PrefabriLated turning vanes
made of sound absorbing materials are also efficient and quiet in
operation. Loose play or hack-lash in the vane mounting should be
avoided to prevent rattling.
(e) Turbulence in branch ducts:

Noise from turbulence often occurs at "tee" or "ell" junctions of
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branch ducts and at grilles, diffusers or induction units. When the

turbulence occurs very close to the discharge terminals of unlined
ducts, the generated noise may be excessively high in level.

Any acoustical treatment installed in the main ducts to attenuate
equipment noise cannot possibly alleviate noise problems which originate

near the discharge ends of the branch ducts. The following steps should

be taken to prevent the oecurrence of such problems:

(1) avoid sharp edges and corners by using flared or streamline-con-

toured "ell" and "tee" connectors; (2) use branch ducts with sufficient-

ly large cross-section areas or install damper plates to reduce the

air flow velocity; and (3) install a minimum of 5 lineal feet of
acoustical lining at the grille end of all supply and return branch

ducts.

(f) Flow velocities:
High velocity air flow generates noise not only within the ducts

but at the face of the outlet grille or diffuser as well. The intensity

of aerodynamic noise is strongly velocity dependent and increases
approximately at the rate of the velocity raised to the fifth power,

in typical ventilation duct installations. Thus, for a given duct

area, a doubling of the flow velocity may increase the output noise

level as much as 15 to 24 dB. Conversely, for a given mass or volume

flow, doubling the area of the duct effectively reduces the flow
velocity about one half and may lower the output noise by 15 to 24 dB.

In discharge ducts, air flow velocities of about 15 feet per

second are quite acceptable in most apartment areas. However, to be

on the safe side, flow velocities in noise sensitive areas should be

lowered to about 8 or 9 feet per second.
g) Noise radiated from duct walls:

The problem of noise radiation from ductwork generally is associ-
ated with large exposed ducts constructed of light gage metal. Such

noise may result from thermal expansion and contraction of the ducts
or pulsation of duct walls due to air movement.

The duct systems should be designed so that a minimum number of

ducts are contained within occupied areas. Large ducts which are

unavoidably exposed in occupied areas should be boxed-in with gypsum

board enclosures. Where large ducts cannot be enclosed, vibration
damping material should be applied to the surfaces of the duct walls.
Acoustical lining applied internally often serves the two fold pur-

pose of attenuating airborne noise from equipment and acting as a

vibration damper. If noise radiation from the duct system is excessive,

the duct walls should be encased in a heavy plaster jacket or wrapped
in a tLick mineral wool blanket with an impervious plastic outer cover.

Grilles
Noises generated within induction units or at the faces of outlet

grilles or diffusers give rise to numerous complaints frau. tenants.
The intensity and characteristics of such noise are dependent upon the
airflow velocity and the size and design of the outlet units. For

example, high velocity air striking the face of an outlet grille often

generates a high-pitch whistling noise.
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Removal of the grille is a simple expedient test to determine the
cause of noise. If there is no appreciable reduction in the noise out-
put without the grille, the noise may be due to turbulence within the
discharge duct or some other source farther back in the duct system. If

there is a marked reduction in the noise output without the grille, it
is evident that the grille was at fault and therefore should be replaced
with one of better design, or the air speed should be reduced if practi-
cable.

(a) Selection of outlet grilles and diffusers:

The following points are worth remembering when choosing outlet
grilles and diffusers for quiet operation.

(1) Grilles or diffusers which radiate little noise are made of
heavy-gage metal with widely-spaced streamlined deflectors devoid of
any sharp corners or edges.

(2) A wide-angle diffuser which gives a large spread of air will

generate substantially more noise than a small spread unit, all other
factors being equal.

(3) Grilles constructed of wire mesh or perforated metal facings
with large gap ratios are less noisy tnan those with tightly woven or
small gap ratios which restrict or obstruct the air flow.

(4) For a given flaw velocity, doubling the number of outlet grilles

or the area of each grille increases the noise output approximately 3 dB.

Conversely, if the volume of air or mass flow delivered by the grille
is held constant, doubling the area of the grille will e_fecttvely reduce

the flow velocity about 507, which will lower the output noise about

15 to 24 dB.

(b) Grille location:
Care must be taken to avoid locating grilles near or in corners.

The surfaces near such locations act as sound reflectors and can increase
grille noise levels about 6 to 8 dB. The most favorable grille location

is near the center of the ceiling. A grille installed in a wall should

be at least 6 feet from a corner and as low as practicable from the ceil-

ing edge.

D. MECHANICAL EQUIPMENT AND APPLIANCE NOISE:
The foregoing discussion concerned the noise problems associated with

heating, air-conditioning and plumbing systems. In many cases, the noise

from other building equipment gives rise to complaints from occupants.
Examples of such noise sources are as follows.

(a) 22.9.1411_112HPIR:
Because such units usually are located on roof tops or in court yards,

they often cause complaints from occupants in neighboring buildings as well

as from tenants of the apartment building serviced by the units. This is

particularly true when nearby apartment units are located at the same

height or above the cooling tower. Generally speaking, fan noise con-

stitutes the greatest disturbance. However, serious vibration problems

frequently occur in top-floor apartment areas, due to faulty roof-top

installations.
Such problems may be avoided by using equipment with large-diameter,

slow-speed fans, sound absorbing baffles and vibration isolation mounts,

as illustrated in Figure 8.65. Ground level installations of such

equipment should be made at locations far removed from noise sensitive
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areas. Roof-top install,.tions should be made on the roof of the tallest

wing or section of the building, preferably above a non-occupied area.

(b) Electrical Circuit Equipment:
Automatically controlled electrical circuit equipment consisting of

circuit breakers, relays, micro-switches, timing units and solenoid
operated devices frequently generates hummiag, buzzing and clicking

noises which often reach disturbing levels and are most irritating because

of their impulsive and intermittent characteristics. Such equipment often

is housed in large switch boxes which act as snunding boards. Flush or

recessed mounting of switch boxes in wall partitions usually weakens the
sound insulating performance of the wall which results in serious noise

transmission problems. Such equipment should be housed in vibration

isolated boxes which ar .-.! surface-mounted on heavy masonry exterior walls.

See Figure 8.69.
(c) Elevator Hoist Equipment:

Heavy duty motors, hoists and drive mechanisms associated with
freight or service elevators should be vibration isolated to avoid

serious noise problems. Elevator shafts should be surrounded with storage

areas which act as buffer zones to isolate dwelling units from elevator

equipment noise. See Figure 8.14.

(d) Garage doors:
During the raising and lowering operations, electrically operated

overhead garage doors generate considerable impact noise and vibration
in apartment units located directly above the garages. Since the impact

noise is produced primarily by the overhead doors jolting against back-
stops and dropping onto the garage floor slab, rubber bumpers should be

installed at the backstops and the base of the doors to absorb the impact

energy. A further reduction of impL.- noise and vibration may be

achieved by isolating the guide tracks and motor-driven hoist mechanism
from the building structure by means of resilient mountings.

(e) Pressure Reducing Valves:
Large heavy duty reducing valves are capable of generating extremely

disturbing hiEh-pitch hissing noises. In order to isolate such noises,

pressure reducing valves should be located in basement equipment rooms or

in areas far removed from occupied areas. The valve should be resiliently

mounted on a massive exterior wall. Under no conditions should the device

be mounted on party walls, regardless of wall construction.

(f)
In roo.-top swimming pool installations, tenants often complain about

the noise and vibration from circulating pumps, filtration systems,
shower baths and diving boards. Special precautions must be taken to

vibration isolate the entire installation including the swimming pool,
water supply and drain systems, mechanical equipment and all associated

auxiliary or accessory equipment such as diving boards and slides. The

recommendations given in both this chapter and Chapter 8 relative to the
installation of plumbing systems, fixtures and related equipment should

be observed whenever possible.

(g) Ventilation and Exhaust Systems:
Likewise, roof-top installations of ventilation systems, including

exhaust fans and exposed duct runs, give rise to numerous complaints

about fan noise, vibration and aircraft noise. Such installations must
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be i3olated from the roof and building structures by means of resilient

mounts and flexible connectors. Exposed ductwork must be of double wall

construction and either lined with acoustical treatment or provided with

prefabricated sound silencers or baffles. Such measures are used both to

prevent transmission of aircraft noise into the duct system and to

attenuate any noise within the system before it reaches occupied areas.

Refer to Figure 8.63 for proper installation of roof-top ventilation

equipment.

(h) Transformers:
Transformer installations in multistory buildings may be sources of

objectionable low frequency humming noise and vibration, which usually

are caused by vibrational resonance of cores, coils and housing. Because

such noise has low frequency components which are difficult to isolate,

transformers should be installed in non-sensitive areas such as basement
equipment rooms or in closets surrounded by storage areas. If such

locations are not available, it is recommended that transformers be
installed in masonry enclosures, as illustrated by Figure 8.70. A

considerable reduction in noise level may be obtained by vibration
isolating the transformer from the floor and building structure. Trans-

formers with low noise ratings are available and should be used whenever

possible. Such units feature vibration mounts, good steel-core construc-
tion, single stacked lamination and varnish-impregnated cores and coils.

(i) Appliances:
Although most household appliances are noisy devices, the major noise

problems are caused primarily by the faulty installation of built-in
appliances, such as room air conditioners, dishwashers, clothes washers,
dryers and garbage disposers. The investment of properly installing
higher-priced quiet units is well repaid by fewer rental vacancies or tne
savings in costly acoustical treatment required to isolate noisy appli-

ances. Some of the more common appliances which frequently cause noise

problems are as follows:

1. Air conditioners: In conventional room air conditioners, the high-
speed blowers radiate disturbing high frequency airborne noiFes, while

the motors and compressors generate low frequency vibration. Such

problems can be avoided by using air conditioners which feature stream-
lined air passages, large-diameter slow-speed blowers and vibration

mounted motors and compressors. The problem can be simplified further if
sound absorbing baffles and vibration damping materials are installed

inside the cabinets. It is essential that the air conditioner be
completely isolated from the building structure by means of a resilient

collar or perimeter gasket, as illustrated in Figure 8.1.
2. Dishwashers, disposals, clothes washers and dryers: Dishwashers,

disposals and laundry appliances frequently are built into kitchen
cabinets, which abut or are installed along party walls. The high noise

levels produced by such appliances are further magnified by the reso-
nance and vibration of the hollow lightweight cabinets, which in *urn set
party walls into vibration. Solutions to this noise problem require the

use of quiet appliances and, more importantly, proper location and
installation of the units. Dishwashers and garbage disposals should be

installed in cabinets along exterior walls. Measures should be taken to
isolate the appliances from both the cabinets and the floor by means of
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resilient gaskets and vibratiou mounts, as illustrated in Figures 8.1

and 8.2. Flexible conhectors and air chambers should be installed in all

water lines feeding such units. The application of sound absorbing

materials inside of cabinets and dishwasher housings will improve the

noise reduction.

3. Exhaust fans: Small high-speed exhaust fans commonly found in

kitchen, bathroom and laundry room areas generate excessive noise and

vibration. To lessen the noise problem, squirrel cage or centrifugal

fans should be used whenever possible in lieu of vaneaxial fans. Fans

should be isolated from exhaust ducts with rubber mounts, as illustrated

in Figure 8.3. The use of sound absorbing material in the exhaust duct

should provide a noticeable reduction in noise output.

4. Sewing machines: Sewing machines have become virtually household

necessities among large families ana the cause of increasing noise com-

plaints from occupants. As a matter of convenience, housewives usually

locate and use the machines in bedroom areas, which of course disturbs

the neighbors in bedrooms adjacent and below. One method of alleviating

this problem is to caution occupants about locating their sewing machines

against party walls and recommend that they place rubber mounts under the

legs of the machine cabinet. Such mounts should be provided by the

apartment management in order to gain better co-operation from the

occupants.

5. Small appliances: Small household appliances such as electric can

openers, knife sharpeners, mixers, ice crushers, blenders and pencil

sharpeners, are troublesome sources of noise and vibration, especially

when such devices are mounted on lightweight walls or are used on counter

tops. The only effective way of dealing with this noise problem is to

restrict tenants from mounting such appliances on walls and to provide

them with small sponge rubber pads on which to place their appliances.

6. Televisions, radios, stereo sets, pianos: Although these devices are

primarily sources of airborne noise, they are capable of generating a

considerable amount of low frequency noise and vibration. This is

especially true of the large, multispeaker, high fidelity units. When

musical scores or orchestrations rich in bass are played, the vibrations

of the loudspeaker are transmitted through the cabinet enclosure and

legs to the supporting wall or floor structures, which in turn are

excited into vibration. Such problems may be avoided by placing suitably

designed rubber mounts under the legs of the cabinets or pianos. A

rubber pad with a top plate of steel or hardboard should be used to

provide a uniform distribution of the load. Such mounts are effective

vibrational isolators if they retain their compliance under load. In the

case of built-in-wall sets, the cabinets should be encased in rubber

gaskets to prevent mechanical contact with the wall structure.

7. Central vacuum cleaner systems: Where such a system is installed,

tenants frequently complain about the high pitch noise genereted by the

turbine-type blower and the hissing noise produced by the high velocity

air rushing through the thin-wall plastic tube network. In most instal-

lations, the large tank-type cleaner is located in a basement area where

it is mounted on an exterior wall, which is vented to discharge the fine

dust particles. By virtue of this direct coupling, the wall transmits

and radiates the noise and vibration from the motor and blower. The
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plastic tube network is rigidly coupled to the inner framework or wall

and floor structures, which in turn radiate the noise generated by the

high-velocity, turbulent air flow.

A considerable reductton in noise output may be obtained by: (a)

using rubber sleeves around the tubing to isolate it from the wall and

floor structures, (b) isolating the tank unit from the wall by means

of resilient mounts, (c) installing flexible cmnectors between tubing

and wall outlets, tank unit and discharge vent, (d) enclosing tank unit

in outer metal jacket with mineral wool lining and (e) installing a

muffler on discharge vent.

8. Electronic air filters: Tenants of luxury apartments occasionally

complain about the loud, sharp, snapping noises produced by the elec-

tronic air filter unit installed in the heating and air-conditioning

system. Dust particles passing through the ionizing cell of the filter

are given an intense electrical charge and are collected by highly-

charged electrical plates. Abnormally large dust particles occasionally

short across the electrical plates and cause arcing, which produces the

objectionable snapping noise. ThiP condition is most prevalent in newly

constructed buildings in which a crnsiderable amount of airborne dust

may be present in the duct system and room areas. The problem even-

tually corrects itself as the air is filtered free of the larger dust

particles through normal usage of the heating/air-conditioning system.

However, the installation of acoustical lining in supply and return

ducts for the purpose of attenuating mechanical equipment noise will

alleviate the electronic filter noise problem as well.

E. LOW FREQVENCY VIBRATION FROM EXTERNAL SOURCES:

Low frequency vibrations from industrial or commercial operations,

railroad, subway and truck traffic may give rise to complaints from

occupants of buildings erected near such sources. Since it is difficult

to prevent the transmission of low frequency vibrations into a building,

the most effective way of avoiding this problem is to erect the building

at a distance of at least several hundred feet from the source of

vibration.
Some of the following techniques have been used with varying degrees

of success to insulate buildings from externally induced low frequency

vibration.
(a) Base Plates:

Buildings have been erected upon thick base plates of lead, asbestos,

cork or bituminous materials which were sandwiched between the super-

structure and the supporting footings, foundations, piers and columns.

(b) Cork Jackets:

In buildings of steel frame and masonry construction, cork jackets

have been wrapped around steel girders to prevent vibratory transmission

between the exterior masonry walls and the structural frame of the

building.

(c) Trenches:
The effectiveness of trenches cut into the ground between the

building and the source of vibration is highly dependent on the nature

and properties of the ground and the foundation bed on which the build-

ing is erected. If the building rests on a foundation bed of firm dry

gravel and the ground above is hard packed clay or sand, a trench which
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is cut down to the ,gravel bed and filled with loose gravel may attenuate
low frequency vibration before it reaches the building. Rock, clay,
chalk and Sand are considered to be relatively good transmitters of

vibration, whereas gravel is a rather poor conductor.
(d) Gravel Backfill:

Foundation waill are particularly susc(tptible to low frequency
vibration, due to their exposures of large surface areas. As a precau-
tionary measure to minimize the transmission of low frequency vibration.
gravel should be used as a backfill against such walls, especially on
that side of the building which faces the source of vibratior.
(e) Smooth Street Pavement:

The problem of viDration from heavy street traffic can be eased
considerably if streets or roads are paved with thick smooth-surface
asphalt. In cases of concrete roads, care should be exercised to make
the joints between concrete slabs as small as possible and to ensure
that the slabs are flush and level, particularly at the joints.

)

)
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CHAPTER 8

PRACTICAL SOLUTIONS TO CONTROL BUILDING NOISE

Although proper planning, selection and good acoustical design
relative to building sites, space arrangement, wall and floor structures,
and building equipment and services are essential for the overall success-

ful control of building noise, careful supervision must be exercised

during the "crucial stage" of actual construction or the costs and efforts

prlviously expended for this purpose might be wasted. As a consequence,

there is provided below and throughout this chapter a series of warnings,

precautions and suggestions in the form of a check list and more impor-

tantly an extensive collection of detailed architectural drawings which

illustrate acoustically important building construction and installation

techniques. In these dri.wings, enphasis is placed primarily on the recom-

mended techniques and methods of construction and installation and not
necessarily on the types of wall and floor structures illustrated.

These drawings should not be considered as representing the only
possible solutions to the control of the overall building noise problems;
they are offered as examples of the techniques that might be used for

this purpose. Various types of wall and floor structures and indeed
different installation techniques, other than those illustrated, may be
used provided that they are based on similar or equivalent noise control

principles.

ACOUSTICAL CHECK LIST WITH ARCHITECTURAL ILLUSTRATIONS

APPLIANCES See Figures 8.1, 8.2 and 8.3.
Cabinet-installed or built-in appliances such as

dish washers, clothes washers and dryers, garbage disposals

and exhaust fat should be provided with vibration isolators
and flexible connectors, and the cabinets in which they
are installed should be offset from the back wall with
strip gasketing of such akaterial as felt and cork. Win-

dow air conditioners should be completely vibration
isolated from surrounding window frame or building

structure.

BALLOON
FRAMING

BUFFER ZONES

CARPETS

Avoid using balloon framing in wood frame construction.
The open troughs between studs and joists are efficient
sound transmission paths.

Hallways, storage areas, closets with closed unlouvered
doors may be used quite effectively as buffer zones tc
&Ain additional sound insulation between dwelling units;
or between such units and somewhat noisier areas, such as
elevator shafts and laundry rooms.

Use carpets and pads particularly in heavy pedestrian
traffic areas such as corridors and lobbies to reduce foot-
step and impact noise and provide additional sound absorp-

tion.
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CONNECTORS
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WINDOW
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Fig. 8.1. Proper Installation of Appliances.
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CEILINGS Ceilings suspended on resilient hangers provide

effective airborne and impact sound insulation. However,

avoid running a continuous suspended ceiling throughout

building. Installation of ductwork, grilles, recessed

lights, etc. require special lise control techniques.

CINDER BLOCK As a precautionary measure, coat exposed surfaces

of cinder, masonry and concrete block walls with plaster,

grouting mix or masonry paint to seal pores, poor mortar

joints and other possible noise leaks, even if furred-

out surfaces of gypsum board or plaster are applied

later.

CORRIDORS Because of their reverberant characteristics, cor-

ridors and hallways usually are excessively noisy. Use

carpet'ng and/or acoustical ceilings in these areas to

reduce noise build-up.

A

4/

A- RUBBER CASKET F- RING PLATE K- RING CLAMP

8- SINK G- DISP1-FLANCE L- METAL COVER

C- ACOUSTIC NAT'L H- STEEL WASHER M-CLASSWOOL

D- CABINET I- RUBBER WASHER N- DISP1- HOUSING

E- MASTIC COAT J- NUT 0- RUBBER SLEEVE
P- RUBBER HOSE

Fig. 8.2. Design and Installation of Garbage Disposal for Quiet Operation.
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MOUNT ARM

DUCT WALL

RUBBER CUP

LOCK LEVER

RUBBER CUP.'

CEILING

VI

w \1 \\\\\\\\\\
MOUNT ARM

SUPPORT BliACI'ET

GRILLE- -----

4AIlifig?

-

GRILLE

CEILING MOUNT

SUPPORT BRACKET

COVER PLATE

MOUNT ARM

MOTOR

FASTENER

MOUNT ARM

SUPPORT BRACKET

RUBBER GASKET

WALL MOUNT

Fig. 8.3. Proper Installation oc Exhaust Fan.

DOORS See Figures 8.4, 8.5, 8.6 and 8.7.

Exterior, apartment entrance, bedroom anG bathroom
doors should be of solid core cnnstruction. Door closers
should be installed on exterior and entrance doors to
eliminate door slam noise. Entrance doors should be
staggered. Gaskets and drop closures should be installed
on bedroom and bathroom doors. Sliding or folding closet
doors should be installed in tracks which are vibration
isolated from adjoining wels or ceilings.

Door knockers are noisy nuisances which could well
be eliminated in multifamily dwellings without incon-
venience to the occupant. Door chimi.ss should be used
in lieu of door knockers. When installed on non-party
walls inside dwelling units, door chimEs are less apt to
disturb the neighbors. If door knockers are to be used,
vibration isolating mounting is required.
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SOUND SILENCER

DUCTS

VALL

MINI MALL

See Figures 8.8, 8.9, 8.10, 8.11 and 8.12

Since ducts are extremely efficient sound transmis-

sion paths, considerable precaution must be taken to

avoid cross-talk, ventilation, combustion and equipment

noise. Avoid running ducts as a common supply or return

between dwelling units, unless such systems are properly

baffled and lined with sound absorbing material. The

common practice, in mood frame structures, of using

troughs between joists as 4 common return duct between

dwellings results in very serious noise transmission

problems. Caulk or.seal around ducts at.all points of

penetrations through partitions. Use double-wall ducts,

acoustical lining, flexible boots and resilient hangers

where required. Dwelling .tnits should be serviced by

separate supply and return ducts which branch off a

main duct system.

SUSI OIL
SLAM T inn

HMI
MUT

ISM MIR IOU

HIRE CUL US

MULE
POMO III. II FT. MI

OIL LILL
APT

Fig. 8.8. Proper Installation of Ductwork.

DON'T

FLCC

1100T
THIN-WALL
UNLINED DUCT

ICIISY EQUIP.
ROOM

POISE
PATH

AVOID THIN-WALL UNLINED DUCTS
AND PLACEMENT OF FLEX. 100T AT

WALL. IN NOISY AREAS.

GRILLE

APT.

SOUND

S I LENCER

DIL WALL
DUCT

WEI METAL VALL

ILAIS MI, KAM
1111111t METAL VALL

'nOSS SECTION A-A
(MINI

DO

ACOUSTIC

ALINING

FLOCIILE RUNIER

BOOT GASKET

NOISY EQUIP.

ROOM

Fig. 8.9. Installation of Ductwork through Equipment Room Wall.
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APT. A

DO

CAULK EDGES GLASS WOOL BLANKET

Kora/ orano W.AIIIP:aOrGOSMrliorfaLar:.Iw

n'mn'.'""M"'mlIl"larRgtZ

JOIST

/ .ve;';''
, 44.

SURFACE MOUNTED CAULK

LIGHT FIXTURE
APT. B SOUND SILENCER RESILIENT

CHANNEL

WHEN TROUGHS BTVIN. JOISTS ARE USED AS RETURN DUCTS, INSTALL

SOUNC SILENCERS IN ALL VENT OPENINGS, MINIMIZE AND CAULK OR SEAL

PENETRATIONS AND USE SOUND ABSORBING LINING OR BLANKETS.

The above installation generally is not recommended in design of new

buildings, but may be used to same degree as a corrective measure in

existing buildings with the type of noise problem illustrated below.

APT. A

FLOOR GRILLE

DON'T

FLOOR

,myitv r///. r ill/Atet m /IOW 41111*.4441/41 1/ip,4J//J11 MN/ .1""""1111111K iffittilIKVA 4
-icamormatmectuants j I -"=

2 X 12
JOIST

AVOID USING TROUGHS !MN. JOISTS AS
SUPPLY OR RETURN DUCTS, ESPECIALLY WHEN

FLOORS AIO CEILINGS HAVE FIXTURE OPENINGS.

APT. B

_ . .

NOISE

LIGHT FIXTURE

GYPSUM BD.

CEILING

Fig. 8.11. Installation of Ductwork between Wooden Joists.
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ELECTRICAL
FIXTURES

See Figure 8.13.
Avoid back-to-back

installation of electrical out-

lets in party walls. Avoid short-circuiting of double

walls or walls with resilient type construction by care-

less installation of conduits. Back-plaster or box-in

recessed fixtures in ceilings as well as walls.

3 IT MIA/

SWITCH OR ELECTRICAL OUTLET.
DO DON T

USE OUIET TYPE LIGHT SWITCHES
THROUGHOUT APTS., PARTICULARLY

IN PARTY WALLS.

Fig. 8.13.

ELEVATORS

Installation of Electrical Outlets.

See Figure 8.14.
Avoid locating elevator shafts next to quiet-

dwellings areas. Select quiet units. Vibration

isolate hoist equipment, buzzers or bells, and other

vibrating devices.

DISCOURAGE PLACEMENT OF TV SETS

AGAINST PARTY WALLS BY PROVIDING

TV ANTEtt OUTLETS IN NON-PARTY WALLS

AVOID RECESSED BACK-TO-BACK
MOUNTING OF ELECTRICAL OUTLETS

'S,1414' r,
411 Elm sip1Lt ", VPPlic eiakVIN4.

SUMS

RESAT"
CAI

FLOW LEVEL

IIIET AITIRATIC 11111
MTN 1111E1 HMIS.
ELECTRICAL CIITRILS.
SIIIAL MITI All
SELLS MITES II
VISIATISI INLATEI
IIRES.

Fig. 8.14.

EXPANSION
JOINTS

FANS

(mum
Elevator Installation.

Plan and use expansion joints for the additional

purpose of reducing transmission of structure-borne

noise and vibration, e.g..around equipment rooms.

(See "INERTIA BLOCKS".)

Large-diameter, slow-speod fans are less noisy

than the opposite type, and should be used particularly

in heating and air-conditioning systems. (See "APPLIANCES".)

APT. C

APT. A

CARPET

All ACHSTII CEILII11

PLAN

SEPARATE

VALLS
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FLEXIBLE See Figures 8.15 and 8.16.

CONNECTORS Use flexible connectors in plumbing, heating and
electrical systems which are connected to vibrating
equipment such as washers, dryers, compressors, pumps

and blowers. Connectors such as flexible boots, conduits
and rubber hoses should be installed as near to vibrating
equipment as possible. Proper installation of flexible
connectors is important to minimize excessive wear.

RUM, IN SHEAR
RESILIENT HANGER

PLEXIGLE CONDUIT

PLEXIGLE
DUCT SECTION
WITH CEILING
JOINT TIGHT

PACK I CAULK we JOINT

Fig. 8.15. Flexible
Connectors.

Fig. 8.16. Proper Installation of Flexible Connectors.

FLOOR-CEILING See Figures 8.17 and 8.18.
STRUCTURES Remember that floor systems must provide an accept-

able degree of both airborne and impact sound insulation.
Depending on the functions of the spaces to be separated,
select floors with the proper type of construction as
well as appropriate STC and IIC values. Avoid running

structural floors continuously through dwelling units.
Use discontinuous type construction. Avoid running
floating floors continuously through dwelling units.
Each dwelling unit should have a separate floating
floor structure. Use carpets and pads and floors floated
on resilient underlays to reduce impact noise.
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GOOD CONSTRUCTION

APT, A

RES IL UNDERLAY

PLYWOOD

FIN. FLOOR

Ili" GAP

APT. 8

RESIL UNDERLAY
TURNED UP AT EDGES

CORK GASKET

APT. C

ON-LOAD

BEARING WALLS

APT. D

POOR CONSTRUCTION

APT. A

CARPET & PAD

OR

FLOATING FLOOR I NON-SETTING

AS ABOVE CAULK

APT. B

RESILIENT

CHANNELS

APT. C

GYPSUM BD.

LOAD BEARING WALLS

APT. D

APT. A

IMPACT NOISE

APT. B

TILE

"U" CHANNEL

APT C

GYPSUM BD.

OR PLASTER

APT. .0

APT. A

2" REINF. FLOOR

FIN. FLOOR

III" FELT
GASKET

APT. B

RES IL CLI P

LATH & PLASTER

GLASS WOOL ITWN. STUDS

RESIL UNDERLAY

TURNED UP AT EDGES

CORK GASKETS

RESIL UNDERLAY

PLASTIC MEMBRANE

APT. C

NON-LOAD

SEARING WALLS

APT. 0

APT. A

IMPACT NOISE

APT. B

FAILURE TO USE PLASTIC
MEMBRANE CAUSES PENE-

TRATION OF FLOATING FLOOR

THRU RESIL UNDERLAY WITH
RESULTING SHORT CIRCUIT.

A
4 TILE

A Pt C APT. D

APT A GLASS WOOL

BEM/ STUDS

RES IL UNDERLAY

ISUL & Fill FLOOR

ii2X2 !BATTEN

Ile FELT

GASKET

APT. B

STAG'D STUDS WITH
SEPARATE SASE I.

HEAD PLATES

PLASTER ON LATH

RESIL UNDERLAY

TURNED UP AT EDGES

CORI: GASKET FOOR SLAB

APT. C fl APT. D

API A

IMPACT

AIRBORNE

NOISE

e

APT. C

4

APT. B

APT. D

Fig. 8.17. Architectural Detailing of Wall and Floor Junctions.
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APT. A

GLASS WOOL

BTWN. STUDS

RESIL UNDERLAY

0111. LAYER

PLYWOOD

JOINTS STAG'D

GOOD CONSTRUCTION

111° FELT GASKET

APT. B

OIL STUD
LATH & PIASTER

RES II_ UNDERLAY

TURNED UP AT EDGES

CORK GASKET

APT. C

LOAD BEARING

COLUMN

APT. D

POOR CONSTRUCTION

AFT A

IMPACT

NOISE A

APT B

APT. C APT, D

APT. A

GLASS WOOL

IIES IL UNDERLAY

Det. LAYER PLYWOOD

JOINTS STAG'D

FELT GASKET

,

:te',11,X1.:1;i0'*"1:7,-rf"1":054,nrliN"="4"
401 mNo...werimer.,- $ . .14 Azkr,/,

, .411A4,4,,

MEM
_

APT. I

RESIL. CLIPS
LATH & PLASTER

RESIL UNDERLAY
TURNED UP AT

EDGES

IAR JOIST

CORK

GASKET

NON-LOAD SEARING

WAU.

APT. C

SOUND

BAFFLE RESIL CLIPS
METAL LATH

& PIASTER

APT 0

APT. A

IMPACT NOISE

APT IS

"11.-° ""`

AIRBORNE

NOISE

APT. C APT 0

APT. A

FELT GASKET
2" HI

APT. B

RES II_ CLI PS & 2 LAYERS

GYPSUM BD.

54. PLYWOOD

PLASTIC MEMBRANE
STRENGTH EI1ILIII ON RESIL UNDERLAY
CONCRETE

4150,1CNIC...*.Mo..=.4

',rm.
0..1: ,,,,,,,,,,,,,,,,,,-:

CORK GASKETS SOUND

BAFFLE

INSTALL MINERAL

WOOL INSULATION
IN ALL VOIDS ITWN.

JOISTS, STUDS, ETC.

RESIL CLIPS,
2 LAYERS

GYPSUM 110:

NON-LOAD BEARING

WALL

APT. C APT 0

APT A

IMPACT

NOISE

APT B

-------
fi

44

AIRBORNE SOUND

PATH ITV/ JOISTS

APT C APT D

Fig. 8.18. Architectural Detailing of Wall and Floor Junctions.

8-14



FLOOR See Figures 8.19 through 8.28.

CONSTRUCTION Many of the floor structures which provide adequate

impact isolation involve a "floating" construction; that

is, either a wooden raft or concrete "screed" supported

on a resilient layer of some kind which rests on the

basic structural floor. The following points are rele-

vant to these types of ioors.

a. The total construction between spaces must be air-

tight. This applies to walls as well as floor-

ceiling construction.

b. The "floating" construction must not in any way touch

the surroundins construction through any rigid mate-

rial.

c. Note that most resilient materials which are used

are penetrable by water. Be extremely careful to

seal all pipe, chase or duct penetrations of the con-

struction with a flexible, non-hardening material

which will exclude water from the material.

d. Floating concrete screeds poured over resilient mate-

rials require a waterproof membrane between the blan-

ket and the concrete to prevent formation of "fins"

or other short circuiting between joints in the resil-

ient material. As workmen are usually not particularly

careful when pouring concrete, a rigid, protective

layer (e.g. 1/4-in, plywood) is recommended to pre-

vent rupture of the membrane during placement of rein-

forcing and pouring of concrete.

e. Floating wood rafts are easily "shorted out" by nail-

ing through the resilient material to the sub-floor.

Care in detailing and specification is mandatory to

point out to the contractor the requirements for resil-

ient construction.

f. Edge joints at the perimeter of a floated construction

are potential trouble spots. Do not attach solid

base boards to both the wall and the floor. Do not

"short out" the resilient construction with toe mold-

ings.

g. For floating screeds, 150 sq ft is about the largest

area of 2-in, concrete which can be poured without

reinforcement to prevent edge curl. For larger

floors, the use of reinforcement or thick (4 in.)

rafts of concrete is necessary.

h. Some settlement of resilient material (about 37. of

initial thickness) may be expected over a long period

of time. Allow for this contingency in architectural

details.

i. Some of the "floating" ceiling constructions call for

spring clip support of battens under joists. Note

that nailing through the batten into the joists must

be avoided in these cases.
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FLOATING
FLCOR

RESILIENT
MATERIAL

LEVELING SCREED
OR

CONCRETE FILL

STRUCTURAL SLAB

Fig. 8.19. Acceptable Service Arrangement under Floating Floors.

SHORT CIRCUIT

FLOATING
FLOOR

RESILIENT
MATERIAL

WOOD OR FIBER
SPACER AND
SERVICE

Fig. 8.20. Unacceptable Servicn Arrangement under Floating Floors.

CAULK

Pi SLEEVE I

SLEEVE 2

CAULK

TWO SLEEVES ARE REQUIRED
TO PASS PIPE, ETC. THROUGH
FLOATING FLOOR

SPONGE (FOAM) GASKET

CAULK

"AO
`...Y0.4.:0006 .0.'

00.4it,°
..-. 0,,

FLOOR BOX

PENETRATIONS OF FLOATING
FLOORS MUST NOT "SHORT OUT"
THE RESILIENT LAYER

Fig. 8.21. Service Arrangement through Floating Floors.
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BASE BOARD TO WALL ONLY, OR USE RUBBER SASE

FLOATING RAFT

RESILIENT MATERIAL

GLUE 0 SCREW AT JOINT

NOTE: TURN UP RESILIENT MATERIAL
CLEAT AT JOINT

AT PERIMETER OF RAFT 415* BEVEL

BASE AS ABOVE

FLOOR FINISH

NM I" T & G FLOORING OR 3/4" PLYWOOD

2 X 4'S AT ICO.C.

DO NOT NAIL INTO JOIST

RESILIENT MATERIAL

PROVIDE SUFFICIENT LATERAL IkUPPORT
FOR JOISTS

PROVIDE BEARING AT EDGE OF FLOOR

Fig. 8.22. Example of Floating Floor Construction.

3" WOOL OR GLASS FIBER BLANKET BETWEEN
JOISTS WILL IMPROVE BOTH AIRBORNE AND
IMPACT SOUND INSULATION

CARPET UNDERPAD
WALL TO WALL IN A

'B-X' CABLE ROOMS B HALL

RESILIENT
CHANNEL

BOXED IN LIGHT FIXTURE

RESILIENT PACKED & CAULKED RESILIENT
SPRING DO NOT "SHORT CIRCUIT" ISOLATION

Spring clip
and channel

PACK &
CAULK

*NOTE: DO NOT NAIL THROUGH BATTENS INTO JOISTS.

PACK
CAULK

WALL CEILING EDGE

GLUE ON
GLASS FIBER

Fig. 8.23. Example of Resiliently Hung Ceiling.
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STRAP IF REQUIRED
FOR THERMAL

RUSSIA SASE

CAULK I/4" JOINT

MEMSRANE

w RESILIENT-. MATERIAL

NOTE RESILIENT MATERIAL TURNS UP
AT ALL EDGES

Fig. 8.24. Conqtructional Detailing
of a Floating Floor.

CARPET & UNDERPAD

LEVELING SCREED

CONCRETE JasTs

PLASTER ON CHANNEL
SUPPORT UNDER JOISTS

NOTE PLASTER MUST BE AIRTIGHT
CARPET MUST EXTEND WALL TO WALL
INCLUDING CORRIDORS.

Fig. 8.25. Constructional Detailing
of n Conventional Floor.

Caution must be exercised when supporting partitions on floating
floors to prevent structural failures or short circuiting of the
floating element, as illustrated.

ANNOMMik
LIW 4/W-.0910LO J .- .

:g0Ww:
.4

4.1a=altlk.1:11:22:1:=111:=2.14.12.

OWOCK:A7!""MAPP67:4,2AY.15,011

For proper installation of floating floors and partition walls
see other illustrations of such constructions in this chapter.

Fig. 8.26. Problems Associated with Floating Floors.

CAULK ALL PENETRATIONS AIRTIGHT
WITH NONHAROENING COMPOUND

"MASER IN slam"
RESILIENT HANGER
SELECT II SPACE FOR I/4"
STATIC DEFLECTION

GYPSUM LATH III PLASTER CEILING

PACK PERIMETER JOINT (I/4) WITH
RESILIENT MATEMAL III CAULK
VAN NON-HARDENING COMPOUND

NOM CEILING MUST S AIRTIGHT II FREE OF PERIMETER WALLS
PENETRATING PIPES. ETC. FLEXISLE CONDUIT REQUIRED
FON ELECTRICAL CONNECTIONS

!WISER IN SHEAR
RESILIENT HANGER

...j"°:6°S%°:'

FLU(MLE
NV

FLEXIBLE
DUCT SECTION
WITH CEILING
JOINT TIGHT

FLEXISLE CONDUI

PACK III CAULK

PACK S CAL.( ye JOINT

Fig. 8.27. Constructional Detailing of Fig. 8.28. Flexible Connectors
Resiliently Hung Ceilings.
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FLOOR JOISTS See Figures 8.29, 8.30 and 8.31.
Continuous runs of floor joists which span across

dwelling units act J.s flanking paths for transmission of

structure-borne and airborne noise. This occurs where

joists are parallel to party walls as well as perpendic-

ular to such walls. The solution to this problem involves

blocking of spaces between joists as well as using dis-

continuous type joist construction. Likewise, proper

bonding or joining of floor structures to exterior or
load bearing %Ails is necessary for the control of flank-

ing noise transmission.

FURNACES See Figures 8.32 through 8.36.
Installing separate heating and cooling systems with-

in individual dwelling units has become the source of

many occupant coMplaints. 'The excessive noise produced

by such systems is generally due to the following factors:

(1) a center hall closet installation of the equipment

near bedroom or living'room areas, (2) a direct motor-

driven small-diameter, high-speed blower, and (3) a large

central air return duct'or grille. Solutions to this

problem are: locate such equipment near an exterior wall

in a non-critical area such as a kitchen, select equip-

ment with .belt-driven large-diameter slow-speed blowers,

and use sound absorbing lining in return duct.

GARAGES See Figure 8.37.
Garages located directly below dwelling units ate

frequently a cause of complaints regarding both airborne

and impact noise; the latter results from slamming or

operating garage doors. Measures must be taken to insu-

late against both types of noise.

GARBAGE CANS The collection of garbage, particularly from galva-

nized metal cans, is generally not only a noisy but most

disturbing operation, especially during the early morning

hours. Ways of coping with this proolem involve: (a) lo-

cate collection point away from noise sensitive areas,

(b) use flexible plastic rather than metal containers,

and (c) schedule collection time later in the day.

GRILLES See Figure 8.38.
For a given mass-flow, large area grilles are less

noisy than small area units. Avoid using sharp edges,

loose fittings, or wide-angle deflectors or louvers.

Avoid ceiling-corner locations. Central ceiling or above-

center wall locations are usually less noisy.

INCINERATOR See Figure 8.39.

CHUTES incinerator chutes which are quite noisy should be

isolated from structural walls by means of resilient in-

serts between chute and clamps or holders. Vertical

alignment of the chute should be plumb and outer surfaces

should be coated with visco-elastic material similar to

that used in undercoating automobiles.
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APT. A

SPACE

I1WN.
WALL & FLOOR

POOR

IN. FLOOR

RESIL UNDERLAY BO.

SUI FLOOR

APT. I

APT. A

SPACE
ITWN.

WALL & ROOR

APT. I

FIN. FLOOR

RESIL UNDERLAY ID.

SUT OR

SUL FLOOR

TIGHT JOINTS

AG'D STUDS

TIGHT JOINTS

DIL LAYER
GYPSUM ID.

APT. C

GOOD

INSERT GLASS

WOOL BLANKET

IN ALL VOIDS !MN.
JOISTS, STUDS. ETC.

SLIT OR

STAVE' STUDS

APT. 0

CARPET & PA

APT. A SPACE

I1WN.
WALL &

LOON

SLIT OR

STAG'D STUDS

APT. C APT.

FAIR

In buildings of wood frame
construction, proper installation
of joists whether parallel or

perpendicular to party walls is
essential for good sound insulation.

SEPARATE

STUDS & RASE
PLATES

FIN. FLOOR

PLYWOOD

RESIL UNDERLAY ID.

APT I

PLYWOOD

RESILIENT

CHANNELS

urs a

.\141"111P11\111r1

EDGES

BLANKETS IN ALL VOIDS

BTWN. JOISTS. STUDS. ETC.

CAULK

INSERT GLASS WOOL

CORK GASKET

SEPARATE STUDS

\ 1 4

& HEADS PLATES

APT C APT. 0

BEST

Fig. 8.29. Architectural Detailing of Wall-Floor Junctions: Walls
Parallel to Floor Joists.
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APT. A

AVOID LIAU.0014 FRAMING

I. E. OPEN TROUGHS PK
JOISTS, STUDS, ETC.

APT. I

SPACE

NW/
WALL

A Pt C

VERY POOR

FIN. FLOOR

APT. D

SPACE
ILTWIL WALL

& FLOOR

FIN. FLO3R

RES IL UNDERLAY SD.

FLOOR

SLIT OR
STAG' D STUD

RES IL UNDERLAY
SD.

Uil" SPACE

CA

BED

CAULK

GOOD

FAIR

DIM LAYER
GYPSUM SD.

SLIT OR STAG' D STUD

SEPARATE STUDS

& BASE KATES
APT. A

SPACE II1WM

WALL & FLOOR

CORK

GASKET

INSERT GLASS WOOL ILAMLETS IN

ALL VOIDS ITU. JOISTS, STUDS, ETC.

POOR

In buildings of wood frame

construction, proper instal-
lation of joists whether
parallel or perpendicular
to party walls is essential
for good sound insulation.

CARPET & PAD

FIN. FLOOR
APT. I

PLYWOOD

RESIL UNDERLAY

PLYVMOD

INSERT GLASS WOOL

StAILKETS IN ALL VOIDS

111WM JOISTS, STUDS, ETC.

Ur SPACE
RESILIENT

CHANNEL

DIL LAYER
GYPSUM SD.

CORK

GASKET

APT. C

BEST

EPARATE STUDS

& HEAD PLATES

APT. D

Fig. 8.30. Architectural Detailing of Wall-Floor Junctions: Walla Perpen-
dicular to Floor Joists.



RICK

INSIA. 111).

WCOD FURRING PLYWOOD

UNDERLAY RESIL UNDERLAY
TURNED UP

AT EDGES
FIN. FLOOR

YPSUMSD. ON
MASONRY ILK. REM CHAMELS

CONC. BLIL
EXT. WALL

CONC.

10IST

INSUL BD.

RESIL UNDERLAY
TURNED AROUND

EDGES

1.ASTIC MEMBRANE

INSIL UNDERLAY

2" HI STRENGTH

CONCRETE

FIN. FLOOR

'4,1F.31/N-KJITW

STEEL BEAM.

& MASONRY

CONST.

RE IL
HANGERS

RES IL UNDERLAY

PLYWOOD

BRICK &MASONRY
T.

FIN RAN

GYPSUM 11D. INSERT MINERAL WOOL

ON RESIL IIIMKETS Mk JOISTS
CHANNELS

.R.CIOR--.
- -

JOIST -2==-

CORK JOISTS

STAG'D

RESIL UNDERLAY

FURRING PLYWOOD

FIN FLOOR

* *4
*

17
MINERAL74 WOOLwog -4GYPSUM SD. ON

RES IL CHANNELS

11111L..... I NSUL ID.

NIL FLOOR

PLYWOOD

PLASTIC MEMBR.

RES IL UNDERLAY

2" HI STRENGIH

CONC.

.1"-Cle-e-olti:.4:130L.914106010ertr. 1.i

Fig. 8.31. Proper Bonding of Floors to Exterior Walls.

BRICK VENEER

WOOD FRAME

CONST.

GYPSUM ID. 'IN

RES It. CHANNELS

INSERT GLASS WOOL

BIWIL JOISTS



ATTIC INSTAUATION

HEAVY WALL HOUSING

R.DI 1 BLE BOOT

,r FURNACE A10

/ / AIR CONDITIONER
11 id...BLOWER

RETURN VIBRATION 15 aATORS

_Ade
SUPPLY

Fig. 8.32. Attic Installation of Furnace and/or Air Conditioner.

LIVING ROOM BEDROOM

DINING ROOM

BATH

I BEDROOM

BALCONY POOR

LIVING ROOM BEDROOM

DINING ROOM KITCHEN BEDROOM

BALCONY .4.%%""BETTER

Fig. 8.33. Location of Furnace-Air Conditioner Unit,

USE CAVIT'f BETWEEN
STUDS AS A LINED

RETURN DUCT

DOUBLE OR STAGGERED

STUD WALL

CLOSET

GRILLE

HALL AREA

CORK

ACOUSTIC

LINING

ACOUSTIC LINING

?' CONCRETE SLAB

2 LAYERS PLYWOOD,

JOINTS STAGGERED

2 LAYERS GYPSUM BD.

OR GYPSUM LATH
AND PIASTER

LIVING ROOM BEDROOM

1
BATH

DINING POOM KITCHEN BEDROOM

Or",1

BALCONY BEST

Fig. 8.34. Design of Return Duct

of Closet-Installed Furnace.
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FLEX. 1100T

ITWK DUCT
& FURNACE

TijaVIY PAwyr,

KITCHEN AREA

CLOSET INSTALLATION

OUTDOOR

VENT'L

SOLID-CORE DOOR

VI BRAT.

ISOLATOR

CEILING

.'d,:ALIVNN.411-4A/7 lgV,
ACOUSTIC SUPPLY DUCT HALL AREA

TILE

&ACOUSTIC
GRILLE

UNING
RUBBER

FLEX. I GASKET

BOOT

FUVACE

/A/0 /

A. C. UNIT

_

FLOOR

STAGGERED STUD WALL

OR MASONRY WALL

hffG. PLATE.

Fig. 8.35. Closet Installation of Furnace.

ACOUSTIC
LIKED RETURN

DUCT

MTG. PLATE

VIBRATION

ISOLATOR

2 LAYER

PLYWOOD

SUB FLOOR

Wa,

2 LAYER GYPSUM BD. CEILING

ACOUSTIC

LINED DUCT

FLOATING

FLOOR, 2

LAYERS

PLYWOOD

511114,__OLASS
WOOL

RESILIENT

CEILING
HANGERS

FLOC. BOOT

BTWK DUCT
& FURNACE

RES I LIENT

PAD

STRUCTURAL SLAB

MTG. PLATE.

VI BRATION

ISOLATOR

2 LAYERS PLYWOOD

JOINTS STAGGERING

SUB FLOOR

CEILING SLAB

0. 40,111..6

RESILIENT HANGERS *a.

SU PLY DUCT-.

10 RERAN DUCT

RUBBER

SLEEVES

Fig. 8.36. Proper Installation of Furnace Ductwork.
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Fig. 8.37. Acoustical Treatment of Garages.

FOR QUIET OPIRATIOk
USE LARGE SIZE GRILLE, 6 ft.

LENGTH OF ACOUSTIC LINING

IN EACH DUCT RUN, ROUNDED DUCT

CORNERS AND STREAM-LINED DEFLECTORS

OR WIDE-MESH GRILLE FACE. AVOID SHARP

EDGES.

Fig. 8.38. Acoustical Design and Trentment of Grilles.

INERTLA See Figure 8.40.
BLOCKS Large heavy electro-mechanical equipment should

be mounted on vibration isolated inertia blocks Or
better weight distribution and more efficient isolation.

JOINTS Poor mortar joints in masonry wall construction

MORTAR, frequently result in serious noise leaks. Special care

GYPSUM BD. should be used in laying block walls and as a precaution-
ary measure exterior surfaces of the wall should be coat-
ed with plaster, grouting mix or masonry paint. All

joints in gypsum board construction should be.supported
or backed with a furring str.p, nailing channel or scrap
strips of gypsum board to effect an airtight seal and re-
duce cracking at joints due to warping or contraction.
All joints should be sealed and taped.
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1" CLEARANCE BTWN.

CHUTE AND WALL

MASTIC COATING
112 WT. OF DUCT

MOUNTING

BOLT

METAL

BRACKET

METAL BIN
MASTIC-COATED

ON TOP, S I DES

AND BOTTOM

INCINERATOR CHUTE

MASONRY WALL

METAL CHUTE, VIBRATION
ISOLATED FROM WAU.

RESILIENT

GASKET

CHUTE

2" CLEARANCE BIWN.

CHUTE AND BIN

1 -1.1i ,;0.1

VI BRAT ION I SOLATOR

RUBBER/STEEL

BASEMENT FLOOR SLAB

RUBBER TIRE CASTERS

Fig. 8.39 Proper Installation of Incinerator Chutes and Bins.
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EQUI P.

BOLTED

DIRECTLY ELECTRO-

TO FLOOR MECH. EQUIP.

STRUCTURAL

FLOOR SLAB
VIBRATION
ISOLATOR

INERTIA

BLOCK

BAD FAIR

INERTIA BLOCK

VIBRATION
ISOLATOR

CLOSED CELL

RUBBER GASKET

RETAINER

CURB

EXPANSION

JOINT

VIBRATION
ISOLATOR

INERTIA BLOCK

CLOSED CELL

RUBBER GASKET

RETAINER

CURB

GOOD EXCELLENT

Fig. 8.40. Vibration Isolation of Mechanical Equipment.

KITCHEN

CABINETS

0 I

See Figure 8.41.
Avoid installing kitchen cabinets on party walls,

since they are a source of impact noise. Cabinets should

never be mounted on walls constructed with resilient

elements. The mounting bolts will "short circuit" the

advantages of such construction.

KITCHEN A

PARTY WALL

KITCHEN B

INSTALL CABINETS ON EXTERIOR

OR NON-PARTY WALLS.

Fig. 8.41.

DO

DOUBLE

MASONRY
WALL

APT. 6

DOUBLE OR APT- A
STAGGERED

STUD WALLS

MINERAL

WOOL

PARTY WALLS OF DOUBLE-WALL
CONSTRUCTION MUST BE USED

FOR ADEQUATE IMPACT NOISE

ISOLATION & LOAD BEARING CAPACITY
IF CABINETS ARE TO BE MOUNTED ON THEM

Installation of Kitchen Cabinets.
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MOUNTING BOLTS

SHORT CIRCUIT

RESILIENT SPRINGS

NEVER MOUNT CABINETS ON SINGLE

MASONRY TYPE PARTY WALLS OR WALLS

USING RFSILIENT SPRINGS OR CHANNELS.

LATTER WALLS ARE NOT SUITED FOR

SUPPORTING CABINET LOADS.



LAUNDRY ROOMS See Figure 8.42.
Laundry rooms located adjacent to or below dwelling

units are potential trouble spots if adequate precaution-

ary measures are not taken. Such rooms should be located

away from dwelling areas.

314" EXT POW.

RUBBER STRIPS

MASONRY CONSTRUCTION FRAME CONSTRUCTION

GYPSUM BD. CEILING ACOUSTIC TILE

ON RESILIENT HANGERS

DRY

AMR
VIBRATION ISOLATE
ALL PIPING ot%..

WASH

STRUCTURAL FLOOR SLAB

,:xm.wrg:twe
. _

HI-STRENGTH CONC.

518" PLYW. 2XI2 FINISH FLOOR GLASS WOOL

GYPSUM D. CEILING ON RESILIENT
CLIPS OR CHANNELS

RUBBER STRIPS

31e EXT. PLYW
DRY

ACOUSTIC TILE CAULK

VIBRATION ISOM
ALL PIPING

WASH0 0 atm"
twxtwart. : toeimeavvivia:AA,vhtic- t,)

Fig. 8.42. Acoustical Treatment of Laundry Rooms.

LIGHTING See Figure 8.43.

FIXTUAES Special techniques must be used during installation
of surface or recessed-mounted light fixtures in order
to preserve the sound insulation of wall or floor-ceiling

structures, especially if such structures involve spring

clips or resilient channels. Fluorescent lights frequent-

ly produce a disturbing hum. If such lights are to be

used, select types which have an external ballast. The

ballast unit should be vibration isolated by means of
rubber grommets from the base of the light fixture as

well as the ceiling or wall surface. Silent light

switches should be installed particularly in party walls
and preferably throughout the entire dwelling unit.

MASKING NOISE Although masking noise may be quite effective in
overriding disturbing noises, it should not be used as a

technique for improving the sound insulation between
dwelling units in lieu of using partitions with high

STC or IIC ratings. See Chapter 6 for limitations on

use of masking noise.

MECHANICAL See Figures 8.44 and 8.45.

EQUIPMENT Such rooms should be located in basement areas far

ROOMS removed from dwelling areas. All mechanical equipment

and associated distribution systems should be mounted or

supported on vibration isolators. Very large or high

capacity equipment should be housed in separate buildings.

Consideration should be given to selection of equipment

on the basis of low noise output as well as desired capa-

city ratings. See Figures 8.46 and 8.47 for illustrations

of the effectiveness of various sound insulating techniques

relative to noisy mechal'cal equipment.
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FLOOP

CAULK EDGES

FLOOR

GLASS

DO

LIGHT FIXTURE
ISOLATED FROM CEILING

FI.UORESCENT LIGHTS

SPRING

CLIP

CEILING

DO

OPEN GRILLE

FLOOR

Fig. 8.43. Installation of Lighting Fixtures

LIGHT FIXTURE BRIDGES ACROSS
CEILING AND JOISTS THUS "SHORTING" SPRING

DON'T

WALL

/WM4/.4!//4/446V444/W.W.444014e.44W4W4W/4444,~4:6464444444/.44444~,4
,NNNNNNNNNNSN\NNW.NNWNS\NWNWNWW,NNVN,NWW.NNW,WZ,

yl
A,

,WAVAW/VV/V/V/7//
....-..\\NNWX\NN\WVS\\ \ \

AVOID LOCATING APTS. DIRECTLY ABOVE EQUIP. ROOM

CEILING SLAB

LIGHT FIXTURE

& CABINET

DO NOT BRIDGE ACROSS

STAGGERED STUDS

DON'T

LO.Zvegvis.x.064,:..b.:.: . tikr"
DIS RIBUT. SYSTEM ,
WITH ACOUSTIC

LINING

RUBBER

GASKETS 1 CALMING
PLENUM

ACOUSTIC TILE
ON WALLS

EXPANSION JOINT STRUCTURAL FLOOR SLAB

DBL MASONRY WALL, t' AIR SPACE BTWN.. VIBRATION ISOLATORS
NO WIRE TIES, INNER WALL FRAMED IN Pr
CORK PERIMETER GASKET, ALL EDGES

SEALED WITH NON-SETTING CAULKING.

Fig. 8.44. Acoustical Treatment of Mechanical Equipment Rooms.

CORK GASKET, TOP & BTM.
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STRUCTURAL CEILING SLAB
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RESILIENT HANGERS

BEST

STRUCTURAL FLOOR SLAB

.4 STRUCTURAL CEILING SLAB

HEAVY WALL DUCTS WITH ACOUSTIC LINING

AND ROUND CORNERS, DESICN FOR NON-

TURBULENT FLOW

INERTIA BLOCK

FLEXIBLE BOOTS

U

II

FLEX.
COUPLERS\
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BLOWER
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;'\ /r.%&
MOTOR \
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Fig. 8.45. Installation of Air-Distribution Equipment.
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Fig. 8.46. Effectiveness of Various Sound Insulating Techniques,

Re: Noisy Mechanical Equipment.
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Fig. 8.47. Effectiveness of Various Sound Insulating Techniques,

Re: Noisy Mechanical Equipment.
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( )
MIXED See Figures 8.48 and 8.49.

CONSTRUCTIONS Avoid mixing construction of floor-ceiling and wall
partitions, unless provisions have been made to prevent
transmission of flanking noise.

DO NOT MIX CONSTRUCTION TYPES

FLOATING

FLOOR

FLANKING NOISE PATHS

THROUGH FLOORS

Fig. 8.48. Acoustical Failures Due to Mixed Constructions.

BATH

SOUND PATH

FAMILY ROOM
FLOATING

de/FLOOR

-=.!
RESILIENT
HANGERS

BATH FAMILY ROOM

TIE RODS

DONOTMIXCONSTRUCTIONTYPESUNLESSPROVISIONS
HAVE BEEN MADE TO PREVENT 'FLANKING".

THESE PROVISIONS INCLUDE EXPANSION JOINTS OR

BREAKSIN Al. STRUCTURAL PATHS BETWEEN EACH SPACE.

Fig. 8.49. Flanking Paths in Mixed Construction Types of Floors.
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NOISE See D in Figure 8.76.

BARRIERS Use noise barriers wherever practicable as a sup-
plemental noise control device, e.g. as a partial exterior

wall between dwelling units or as a patio or garden wall

opposite living room or bedroom areas which might front

on noisy streets.

OPENINGS One should remember that small openings, cracks or

IN WALLS holes in wall and floor-ceiling structures may become

very serious noise leaks, particularly in walls with high

STC ratings.

PLENUM See Figure 8.50.

SPACES Open ceiling plenums, attic spaces, basement areas

and crawl spaces which span uninterruptedly across dwell-

ing units serve as flanking transmission path?, of air-

borne noise. Such areas should be completely subdivided

with full height partitions or barriers directly above

and below the party walls separating dwelling units.

PLUMBING Probably because of its characteristic invasion of

one's privacy, plumbing noise ranks as the most disturb-

ing and offensive noise to which building occupants are

exposed. The following should be used to minimize plumb-

ing noise.

I, See Figures 8.51 through 8.57.

a. Isolate pipes, fittings and fixtures from building

structures, especially lightweight partitions, by

means of resilient sleeves, mounts and underlayments.

b. Use simple design pipe layouts, i.e. long straight

runs with a minimum of elbows and T connectors.

Large radius elbows and connectors should be used

to minimize excessive water turbulence and hammering.

II. See Figures 8.58 through 8.61.

a. Reduce water pressure and velocity by means of pres-

sure reducing valves and oversized piping, respectively.

b. Use large air or fluid chambers in both hot and cold

water lines to reduce water hammer produced by appli-

ances equipped with quick closing valves.

c. Use full ported faucets, valves, etc., to reduce hiss-

ing noise.

d. Remove air and gas bubbles from plumbing systems to

reduce gurgling noise.

e. Avoid using oversize pumps in hot water heating systems.

f. Locate steam valves in isolated basement equipment

zooms or preferably in underground pits outside of

building.

III. a. Avoid locating supply and drain pipes near quiet bed-

room and living room areas.

b. Bathroom party walls should be completely surfaced on
both sides from floor to ceiling before tubs are in-

stalled.

c. Seal all openings or cracks around pipe penetrations.

d. Install solid core doors equipped with gaskets and

drop closures in bathroom areas.
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Fig. 8.50. Insulation against Airborne Noise in Plenum Spaces.
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Fig. 8.51. Proper Instaration of Pipe Runs.
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Fig. 8.52. Proper Installation of Plumbing
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Fig. 8.57. Pipe Penetration through Masonry Floating Floor.
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Reduction of Hissing Noise
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Fig. 8.59. Design and Installation of Water
Faucet for Quiet Operation.
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Fig. 8.60. Installation of Air Lock in Plumbing.
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APT El

WALL CONTINUOUS TO FLOOR,

BOTH SIDES (STAVD STUDS)

RUBBER CASKET

TILE ON CONCRETE

DWAIN

SOUND I SOLAT. BD

EXTERIOR PLYWOOD

--RUBBER SLEEVE

JOISTS OR WALL OF

APT. BELOW

Fig. 8.61. Bath Tub and/or Shower Installation.

RAIN GUTTERS
AND SPOUTS

RESILIENT
ELEMENTS

REVERBKRATION

See Figure 8.62.

The plunking noise of water dropping down a rain
pipe, particularly during the night, is more disturbing
than that of dripping faucets, simply because one cannot
turn it off. The following measures should be used to
minimize such noise.
a. Avoid installing vertical drain pipes

room or living room areas.
b. Isolate vertical drains from building

using rubber sleeves at gutter spouts
and use soft vinyl or rubber elbow at

c. Coat either interior or exterior pipe
a mastic compound to dampen vibration

outside of bed-

structure by
and pipe clamps,
base of drain.

surfaces with

Resilient elements such as spring clips or channels,
rubber sleeves, flexible boots, rubber, cork ol felt in-
serts, and carpets, pads or glass fiber underlays should
be used wherever practicable for purposes of isolating
vibrating devices or systems from building structures to
reduce transmission of impact and structure-borne noise.

Reverberation or noise build-up in such areas as

entrance lobbies and corridors can be controlled by using
such materials or furnishings as acoustical tile ceilings,

carpets and pads, draperies and upholstered furniture
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A RUBBER SLEEVE
9 DRAIN PIPE
C PIPE CLAW
o RUBIER900T
E SEWER DRAIN

Fig. 8.62. Proper Installation of Rain Gutters and Spouts.

RISERS See Figure 8.63.
Vertical ducts or ventilation risers mounted on the

exterior of buildings frequently are the cause of noise

complaints. Such devices often rattle in windy areas or

snap, crackle and pop, owing to thermal expansion and con-

traction with outdoor temperature variation. Further,

the outdoor noise of aircraft, traffic, etc., are easily

transmitted by the thin-wall duct and carried into the

building interior. All exterior ductwork should be of

double-wall construction with acoustic lining and silenc-

ers.

A. C. EQUIP.
VIBRATION
TRANSMITTED

TO WALL, ROOF.

CEILING AND
DUCT

DON'T
SOUND

ABSORB.

OUTS I DE NOISE

As-- PENETRATES 'MIN
SINGLE-WALL DUCT

DO

FLEX. BOOT

DOUBLE-WALLDUCT

ACOUSTIC

LINING
A IR-COND

MI P.

RUBBER

GASKETS

'aSE4.4-A

LOW FREQ.

SOUND ABSORB.

781k:irgtra ROOF S LA B

SUSPENDED CEILING DIFFUSER

Fig. 8.63. Installation of Roof Mounted Air-Conditioning Equipment.
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RODS, ROLLERS See Figure 8.64.

Closet or shower rods and paper rollers or dispensers
should be vibration isolated from wall by means of rubber
cups, grommets or spacers.

ROOFS See Figures 8.63 and 8.65.

Penetrations in roofs, particularly for ventilation
and exhaust systems, often allow excessive transmission
of outdoor noise into the building if precautionary mea-
sures are not taken.

Roof mounted equipment such as ventilation fans, com-
pressors and cooling towers invariably give rise to prob-
lems involving excessive airborne and structure-borne
noise radiation as well as vibration. The noise and vi-
bration isolation of such equipment is substantially more
efficient and much easier to cope with in basement instal-
lations.

SOUND See Figure 8.66.
ABSORBERS, Sound absorbing materials in the form of duct lining,
SILENCERS prefabricated silencers or blankets should be used wher-

ever practicable in noisy ventilation or air distribution
systems or between studs and joists of discontinuous type
of wall and floor-ceiling structures. Sound absorbers
such as acoustical tile and carpeting should be used in
reverberant areas.

SQUEAKING Squeaking floors frequently are the cause of a num-
FLOORS ber of noise complaints. Such floors, which usually are

found in wood frame construction, generally are more of
a nuisance to the apartment dwellers who walk on them
than to those who live in an apartment directly below.
This problem often arises in some types of floating floor
structures, e.g. wood block flooring cemented directly
onto a resilient glass or wood fiber board underlayment.
Excessive deflection of the unit blocks with respect to
each other usually is the cause of squeaking. In order
to minimize the problem, hard board or plywood sheets
should be sandwiched between the finish block flooring
and the resilient underlayment for better dynamic load
distribution.

The overall problem of controlling squeaking floor
structures in general depends primarily on the following
factors:
a. control of moisture or humidity,
b. use of straight, flat, good quality lumber,
c. proper nailing,
d. control of excessive deflection of basic floor struc-

ture under load, and
e. use of building paper layers between finish and sub-

flooring.

For a more detailed discussion relative to preventing
and/or correctLig squeaking floors refer to Chapter 7.

8-42



RUBBER CUP

SHOWER ROD

PAPER ROLL

RUBBER CUP AT
EACH END OF ROD

WALL BRACKET

ROD

RUBBER GASKET

FLANGED SOLT

PAPER ROLL

RUBBER SPACER

Y

Fig. 8.64. Proper Installation of Rods and Rollers.
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Fig. 8.65. Acoustical Design of Roof Mounted Cooling Tower.
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Fig. 8.66. Duct Silencers and Baffles.
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STAIRCASES See Figures 8.67 and 8.68.
Staircase traffic is a source of irritating air-

borne as well as impact noise, especially in multifamily

dwellings of wood frame construction where many children

reside. Ways of avoiding this problem involve:

a. isolating the staircase from the builCing structure,

b. using double or staggered stud wall construction or

walls with resilient elements along side of stair-

case.

c. avoiding the nailing of stair stringers to adjacent

wall studs,

d. requiring that staircase walls be completely sur-

faced before staircase is installed, and

e. installing rubber pada or carpets on stair treads.

WALL S FLOOR OETAIL

00N IL

SIDE ELEVATION

APT. A

API

A STRUCTURALLY ISOLATED STAIRCASS
CLEARAINS SEMEN STAIR &NMI

C HANDRAIL ON MALL SIDI

O ACOUSTIC TILE ON CERAM
I CU(TS WIDER PAD

III le II I IM
Ni.WlIM111111111Ellif/N

10111M111I IN 11111111INsasswwwuass
.....

ENO

FRONT ELEVATION

Fig. 8.67. Proper Installation of Staircases.
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Fig. 8.68. Acoustical Isolation of Staircases.

APT. A

FLOAT

FLOOR

HALL

STAIRCASE

TREAD

RES IL.

CHANNELS

APT.

FRAME CONSTRUCTION

TELEPHONES See Figure 8.69.
Avoid mounting of telephones on party walls, partic-

ularly of light frame construction. Because of the poor

sound insulation afforded by such structures, the occupants
in adjacent apartments seldom know which of the telephones

is actually ringing.
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Fig. 8.69. Installation of Wall Mounted Telephones.
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TELEVISIONS Among sources of airborne noise, televisions rate

as the most frequent cause of occupant complaints. Al-

though the intruding noises from the neighbors' TV sets

usually are distracting, the greatest irritation or an-

noyance comes from thb over-frequent, intermittent,

raucous TV commercials, which often are blared out at

noise levels 5 to 10 dB higher than the normal program

level. To discourage occupants from locating their TV

sets against party walls, the TV antenna outlet should not

be installed in party walls. Room layouts should be plan-

ned so that the most favorable TV locations will be along

exterior or ncl-party walls in order to minimize this

potentW noise problem.

TRANSFORMERS See Figure 8.70.
Transformers are particularly disturbing noise

sources because of their low frequency humming and vibra-

tion. As a consequence they should be installed in base-

ment equipment rooms far removed from living quarters.

Large power transformers should be installed in under-

ground vaults or walled-in enclosures far removed from

the apartment building.

BELOW GRADE VAULT OR ON-GRADE MASONRY ENCLOSURE

4PREFERABLY AT LEAST 15 FT. FROM BLDG.

AIR DEFLECTOR ACOUSTIC LINING

1-)1
AIR FLOWa

VII. ISOL TRANSFORMER

OUTDOOR

FAN

GRADE Woo

INTAKE

TRANSFORMERS SHVILD PREFERABLY SE INSTALLED

IN BASEMENT EQUIP. ROOMS. FIG. SHOWS GYPSUM BD.

RECOMM'D INSTALL AT APT. FLOOR LEVELS OR PLYW

kiC
/ '' '''''''''''','''''''''''''',"'"",,,,,,,,, Niir,

GLASS WOOL LEAD
4

g FAN/

cld ti,

INTAKE. EXHAUST
DUCTS ACOUS tl C

LINED.

RUBBER
PAD

RUBBER Sly.

EXHAUST

TRANSFORMER VII. !SOL FLOOR SLAB

INDOOR

Fig. 8.70 Transformer Installation.

UNDERCOATING Undercoating, such as used on automobiles, may be used

effectively as a vibration damper on ductwork, metal slid-

ing or folding doors, incinerator chutes, etc.

UNDERLAYMENTS For purposes of impact noise isolation, materials

such as glass fiber, cork and rubber are quite effective

as resilient underlays in floating floor constructions

and particularly under bath tubs and shower stalls.

VENT OPENINGS For a given mass-flow of air, large area vent open-

ings have a lower air velocity and therefore are less

noisy than vents of smaller cross-sectional area.

VIBRATION Vibration isolators should be used under all large

ISOLATORS electro-mechanical equipment, if vibration and structure-

borne noise transmission are to be minimized.
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WALLS See Figures 8.71, 8.72 and 8.73.
The following measures should be considered to ensure

that partition walls will provide adequate sound insulation.
a. Depending on the functions of the spaces to be sepa-

rated, select a wall with proper type of construction
as well as an appropriate STC value.

b. Partition walls should extend full height, i.e. from
floor to ceiling. In bathroom areas, party walls
should be completely surfaced on both sides, before
bath tubs are installed.

c. Similarly, full height partition walls should be in-
stalled in attic or basement areas directly above and
below party walls separating dwelling units for pur
poses of eliminating flanking transmission of air-
borne noise.

d. Regardless of the type of wall considered, whether of
single, double or discontinuous construction, it is
preferable to use materials of greater mass per unit
area if a choice exists, e.g. use solid-core rather
than hollow-core masonry units, heavy aggregate in-
stead of lightweight aggregate in concrete or plaster
mixes and thick sheets as c)posed to thin sheets of
gypsum board in dry wall constructions.

e. Partition walls should be decoupled or isolated from
adjoining building structures or surfaces by using
gasketing material at the peripheral edges.

f. Avoid "short circuiting" the effectiveness of a high
performance wall by back-to-back installation of
electrical outlets and recessed cabinets.

g. All holes and cracks in and around the wall should be
properly sealed to ensure an airtight installation.

THIS NOT THIS

PARTY WALL

Pig. 8.71. Wall Installation of Cabinets.
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Fig. 8.72. Bonding of Partition Walls to Ceilings, Floors and Exterior Walls.
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WALLS, EXTERIOR A number of noise problems are associated with some

CURTAIN types of curtain walls, particularly of the prefabricated

metal panel units used for exterior facing of buildings.
The chief aoise complaints involve:

a. Poor sound insulation of outdoor noise due either to

poor seals and/or performance of the panels them-

selves

b. Disturbing noises produced by rattling or drumming of

curtain walls in windy areas and the snapping, crack-

ling or popping of such units due to thermal expansion

or contraction with outdoor temperature variation.

WINDOWS See Figures 8.74, 8.75 and 8.76.
Avoid building designs with large-area window expo-

sures which face heavy traffic arteries or other noisy

areas, unless windows are properly designed for adequate

3ound insulation. In this connection the following mea-

sures should e observed.

a. use heavier, thicker or laminated glass or double

pane construction. Additional sound insulation may

be obtained from windows of double pane construction
by (1) separating glass panes at least 6 inches,
(2) sloping one of the panes with respect to the
other, (3) using glass panes which differ in thick-

ness, and (4) lining the side walls between the glass

panes with acoustical material.
b. use gasketing around the peripheral edges of the win-

dow to ensure airtightness.

c. use lever-type locking devices which force window to

seal tightly against gasketing rather than spring-
loaded catch or hook type lccks.

d. use wooden or heavy gage metal tracks or slides in

lieu of lightweight metal or plastic tracks to minimize

window rattling, vibration or resonance.

e. locate and install windows such that flanking noise
transmission or cross-talk from one apartment to anoth-

er is minimized.
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CHAPTER 9

DEVELOPMENT OF CRITERIA

INTRODUCTION

The urgent need for adequate sound insulation criteria, particularly
in multifamily dwellings, has been firmly established. Criteria which
are suitable to all situations and environments would be virtually
impossible to establish and very difficult to aproy, Therefore, one of
the objectives of this guide is to establish cril. ,La which will satisfy
a majority of the occilpants most of the time, and yet will be relatively
easy to administer.

B. FACTORS TO CONSIDER

Before satisfactory sound insulation criteria can be established,
the following factors must be considered.
1. The characteristics of the intruding noises, i.e. intensity and
frequency distribution. This point requires a large scale investigation
since the characteristics of these noises are not constant quantities,
but vary with the many sources operating singly or in combination under
widely different conditions.
2. The sound insulation performance of wall and floor structures,
particularly as integrated systems in a building complex.
3. The limits of the intensity, duration, and irregularity of noise
subjectively acceptable to the majority of occupants. These parameters
are particularly elusive since subjective surveys inevitably include
responses motivated by environmental conditions other than acoustical.
Consequently, the results of such surveys are lpproximate at best.
4. Finally, the limitations of using background noise for masking
purposes. Although the use of masking noise can be beneficial in certain
cases, it has been extended and overemphasized to the point where it
fails more frequently than it succeeds. The concept of "masking noise"
in this context simply involves using the ambient acoustical environment
beneficially for "masking" or overriding the annoying intruding sounds.
A descriptive definition of masking noise might be that existing steady
sound which has the following pleasing characteristics:

(a) low intensity with a wide-band frequency distribution, void of
any pure-tone components;

(b) an omnidirectional source, such that its location is not evident
to the observer;

(c) the ability to reduce the detection of intruding noise without
becoming annoying itself.

Many examples of sources of masking noise are given in the litera-
ture, including steady vehicular traffic, heating, air-conditioning and
ventilating equipment, industrial And commercial activities, and of
course, the conglomerate activities of everyday life.

A major point of concern is the fact that in recent years, there has
been a tendency toward inordinate emphasis upon this concept of "maskt
noise", which in turn has led to unfortunate results. For instance,
vehicular traffic noise is seldom steady and the operation of heating
and air-conditioning equipment may be cyclic. Hence, the masking noise
is not constant and may itself become a source of annoyance. To design
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buildings with the intention of utilizing devicts which electronically
produce masking noise is sheer folly for this is tantamount to an
intentional increase of the din which already surrounds us. However,

with proper caution and discretion such devices can be profitably
employed, particularly in office buildings, to ameliorate specialized

noise conditions. On the other hand, heating, air-conditioning and
ventilating systems might be initially designed to produce a reasonable
noise provided that these systems themselves never become sources of

noise complaints. This is usually difficult to achieve in practice
because of the oversights and problems involved in actual installation

of the equipment in the building. In any event, the noise levels
produced by such systems should not exceed the lowest anticipated night-
time background levels by more than 5 dB at any frequency.

For a more detailed discussion of the use of masking noise, see

Chapter 6.

C. AN EMPIRICAL APPROACH
One approach to the development of a criterion can be illustrated

by considering a hypothetical situation. Assume two families, A and B,

occupying adjacent units in a suburban apartment house. Family A is a

typical family with two children; the father works outside the home

between the hours of 7:30 a.m. and 6:00 p.m.; the mother remains at

home; the children retire between 8:00 and 9:00 p.m. and the parents
between 10:00 and 11:00 p.m: On the other hand, family B is not quite
as typical but certainly not unusual. They have no children and both

husband and wife work on the night shift. Let us assume that Mr. and
Mrs. B usually arrive home from work between the hours of 2:00 and
3:00 a.m. and customarily prepare and eat a meal and then relax before

retiring between 6:00 and 7:00 a.m. The necessity for acoustical

privacy in this situation should be immediately apparent. Careful

grouping within the apartment complex of funnies with similar activities

and schedules might be a plausible solution; but what can be done for

people who work alternating schedules? The correct solution is to plan

and construct buildings with adequate sound insulation.
Considering the above hypothetical case and recalling the probleAs

outlined earlier, an attempt will be made to arrive at a reasonable
criterion of acoustical insulation to be provided by the partition
separating the sleeping areas of these two apartment units. Curve (1)

of Figure 9.1 represents the anticipated peak levels and frequency
distribution of noise produced by household appliances and everyday

activities. This curve represents the average data collected from an
extensive literature survey as well as unpublished results from several
investigators including NBS. The levels are adjusted to 1/2-octave

frequency bands. Although subjectively acceptable noise levels are
difficult to substantiate, there is some evidence that an NC-20 to

NC-25* range is acceptable in sleeping areas of an apartment in a

suburban location. Curve (2) of Figure 9.1 represents a NC-20

criterion, which also is adjusted to 1/2-octave frequency band levels.

*Details of the NC (Noise Criterion) curves may be found in, "Noise
Reduction", edited by L.L. Beranek, McGraw-Hill Book Company, Inc. 1960.
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By subtracting the value:: of curve (2) from those of curve (1), one

obtains the sound pressure level differences required to reduce the

anticipated noise levels to the assumed acceptable levels. Then,

interpreting these sound pressure level differences as sound transmission

loss values, one could arrive at a sound insulation criterion for this

situation. For medium-sired rooms in residences, this interpretation is

reasonable; however, strictly speaking, the sound absorption of the

roams and the partition area must be considered. To establish a

criterion in this case, it is also assumed that the measured sound

transmission loss values of partitions are represented directly by the

values of given sound transmission class (STC) contours. This is seldom

the case, but for establishing a criterion with a single-figure rating,

this is a reasonable approximation. To satisfy the conditions above, a

partition with an STC of 58 or 59 would be required. Howevcr, one should

not stop at this point, but cronsider the possibility of using other

factors,
Based upon physical measurements and a literature search, curve (3)

of Figure 9.2 represents the anticipated indoor background noise levels

existing during the "quiet-hours" of night. Proceeding as above Lind

subtracting the values of curve (3) from those of curve (1), one finds

that the partition would have to provide additional sound insulation,

perhaps an STC of 62 or 63 because the ambient background noise levels

are lower than the assumed acceptable levels. Nothing has been gained in

this respect, but the analysis should be continued. By subtracting the

values of curve (4), which represents the anticipated indoor daytime

background noise, from those of curve (1), one finds that a partition

with a rating of STC 57 or 58 would suffice for normal daytime activ-

ities; however, there could be problems of acoustical intrusion during

the night. Curve (5) of Figure 9.3 shows the sound pressure levels of a

well-designed continuously operating air-conditioning system which

provides useful masking noise. The levels are somewhat greater than

both the natural daytime.and nighttime background levels, but not

excessively greater than the latter, and yet sufficient to allow a

partition with a lower sound insulation performance to be utilized

successfully in this situation. Finally, r.urve (6) of Figure 9.4 shows

the noise levels after they have been reduced by a partition with a

rating of STC = 55. In additioa, these noise levels, along with the

masking levels and the background levels fall in the NC 20-25 range,

which is generally considered acceptable for sleeping areas in a suburban

location. The masking noise is such that it is unnoticeable during the

day and barely audible though not disturbing at night.

The foregoing illustrations, of course, deal intentionally with a

rather severe set of conditions and inherently include a number of

broad assumptions. Nevertheless this procedure, when employed by

acoustical consultants and engineers, works reasonably well in

individual situations.
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D. IMPACT NOISE PROBLEM

The preceding discussion dealt specifically with an approach to the
development of insulation critt.ria for walls, which applies equally well
to floor-ceiling structures. However, the serious problem of developing
impact sound insulation criteria for floor-ceiling structures remains.
It would be indeed convenient if a similar analysis could be drawn to
deal with that problem. Unfortunately, this is not the case because of
the inherent complexity of (1) the generation and transmission of impact
noises, (2) the measurement and specification of the insulating proper-
ties of structures against such sounds, and (3) the determination of
subjective reaction to these noises. The fundamental thesis is that the
occupant does not care how tile intruding noises are generated and trans-
mitted; he knows only that his apartment is noisy and consequently, he
is unhappy until the intruding sounds have been reduced to an acceptable
level.

For illustrative purposes, reconsider the hypothetical situation of
families A and B. Let us first assume that family A lives above family
B. The alarm clock rings in Apt. A at 6:00 a.m.; Mr. and Mrs. B have
just retired; Mr A jumps out of bed and performs his ritual "setting-
up" exercises, which might run the gamut from "push-ups" to a bit of
weight lifting, while Mr. B counts each repetition. In the meantime,
the two children have hopped from their beds and are playing a game of
tag and bouncing a ball. Mrs. A, who has wandered sleepily to the
kitchen, creates a racket by slamming cabinet doors, drawers, dishes, etc.
in the course of setting the table and preparing breakfast. Meanwhile,
Mr. A is taking his shower and Mr. B unhappily recalls his childhood
days when rain on the tin roof was nostalgically pleasant. Of course,
when the A's sit down to breakfast, there is that seemingly constant
sliding of chairs; the baby, in a cranky mood, tosses his bowl of cereal
onto the floor. In due time, things settle down to some extent, and
Mr. and Mrs. B are now annoyed only by the garbage disposal unit, the
automatic dishwasher, and the vacuum cleaner (which all transmit
vibrations to the floor-ceiling structure) as well as the normal romping
of active, healthy children.

We could further illustrate these problems by having family B, along
with their schedule and activities, living above family A; however, we
shall allow the readers to use their imaginations on that set of
conditions. Suffice it to say that the sources of impact sounds are
many and varied.

Recently, much emphasis has been placed upon the specific problem of
noise generated by footsteps, especially those of women wearing high-
heeled shoes. This is a serious source of impact sounds, particularly
in multi-story office buildings where the combination of hard-heeled
shoes and hard-surfaced floors is.quite common. The problem of floor
excitation due to walking also exists in multifamily dwellings; however,
a survey of the number of hours per day in which the housewife performs
her chores while wearing high-heeled shoes, and the time elapsed after
a career woman returns home before she sheds the high-heeled shoes worn
all day, might yield interesting results. Such a survey compared with
one involving other types of foot traffic or impact sources would show
that the high-heeled impact noise is not the major problem.
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Obvious17, befork specifying a criterion of impact sound insulation,
a standard method for assessing the insulating properties of floor-ceil-
ing structures is necessary. Unfortunately, a standard method of test
has not yet been adopted for the United States; although a committee*
is presently working tawarj that end. A method, patterned after that
recommended by the International Organization for Standardization**, is
being considered. In this rectgamendation, a "standard capping machine"
is specified as the means of producing repeatable excitation of floor-
ceiling structures. Such a t6pping machine is shown in Figure 9.5. The
impact sound pressure levels produced by the machine in operation on the
floor are measured in the room beneath the floor-ceiling structure.

/4111111111111d11111111M

Fig. 9.5. Tapping machine
used for generating sound
field for impact sound

transmission measurements.

Currently, there is same criticism of the efficacy of the tapping
machine as an appropriate source of impact excitation, since it does not
simulate that produced by walking nor in fact, any other domestic
activity or accident. In this regard, we are faced with some very
penetrating questions. Shall we standardize a method of test which
utilizes actual walkers? Shall we develop a device which simulates the
characteristics of the statistically "average" walker? Shall we subject
each floor-ceiling structure to a test under all the known actual
sources of impact, other than footsteps? Can we develop a device which
simulates the characteristics of all these sources? These among other
questions relating to the "standard source of impacts" and the subsequent
associated rating systems must be answered before this issue can be
adequately resolved. However, the problem exists now and until better
schemes are developed and proven, we must of necessity use those methods
presently available, which indeed have been reasonably successful in
Europe and elsewhere for a number of years. Nevertheless, continued

*Sub-Committee VI of Committee C-20 of the American Society for Testing
and Materials.

**ISO Recommendation R140-1960(E), "Field and Laboratory Measurements

of Airborne and Impact Sound Transmission", January 1960.
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investigations of possible solutions to the problem of impact noise in

buildings should be encouraged and pursued.

E. SUMMARY OF EXISTING CODES AND RECOMMENDATIONS
Another approach to the development of suitable criteria for acous-

tical privacy is to examine what has been done in other countries coping

with imilar problems. An extensive survey of codes and recommendations

in existence, as well as those presently under consideration, has been

conducted, and a summary is presented here.
Most countries have requirements or recommendations for both air-

borne and impact sound insulation, although a few deal only with air-

borne sound insulation. Generally, the methods of test are quite similar

throughout the various countries, although the presentation of data and

the insulation criteria understandably differ from country to country.

Airborne sound insulation measurements are made using bands of

random noise or frequency-modulated sinusoidal tones, and the results are

presented as sound transmission loss or normalized level differences

according to the following equations:

Sound Transmission Loss STL = L
1
-L

2
+ 10 log

10
S/A (9.1)

Ref. Reverberation Time Normalization: D
To

= L
1
-L

2
+ 10 log

10
T/To (9.2)

Ref. Absorption Normalization: D
Ao

= L
1
-L

2
+ 10 log

10
Ao/A (9.3)

where, in all three equations, L1 and LI are the time-space average sound

pressure levels, in decibels, measured in the source and receiving roams

respectively. The difference, L1-LI, is also known as the Noise Reduc-

tion (NR). In equation 9.1, S is de total radiating surface area of the

partition, and A is the total sound absorption in the receiving room.

In equation 9.2, T is the measured reverberation time of the receiving

roam, and T = 0.5 second is the normalizing reference reverberation time.

Similarly, Fri equation 9.3, A is the total sound absorption in the

receiving room, and Ao = 10m2 is the normalizing reference room absorp-

tion.
Impact sound insulation measurements are generally performed

utilizing a tapping machine which by operating on the floor serves as a

repeatable standard source of impact excitation. The resulting impact

sound pressure levels are measured in the recetving roam lmcated directly

below. The presentation of data and the insulation criteria differ

among the various countries. The results of the measurements are

presented according to olie of the following equations of normalized

impact sound pressure levels, (ISPL):

ISPL
A

= SPL + 10 log
10

A/A
o

(9.4)

ISPL
T

= SPL - 10 log
10

T/T
o

(9.5)

where SPL is the time-space average sound pressure level, in decibels

re: 0.0002 dyne/cm2, measured in the receiying room. A is the total

sound absorption of that room and A = lOre is the normalizing reference

room absorption. Similarly, T is tRe measured reverberation time of the
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receiving room and T = 0.5 second is the normalizing reference rever-

beration time. In audition to the matter of normalization, there is

inconsistency in the frequency bandwidth of the measurement of sound

pressure levels. Measurements are usually made in 1/3-octave or 1/1-

octave frequency bands. Confusion arises when the resultant measured

levels are compared, for compliance, with required or recommended

criterion contours. The problem simply is that of comparing like

quantities. In the early days, the electrical filters used for analyz-

ing the sound were octave frequency band filters which separated the
audible frequency sound into components, each encompassing one full

octave. The resultant values were plotted at the center frequency of

each band and labeled "octave-band sound pressure levels". More

recently, it was recognized that a greater refinement or "definition of

the sound spectra was necessary, and consequently 1/3-octave frequency

band filters were developed. Obviously, the total sound energy in a

given octave band should be the same, whether measured in ten 1/10-

octave bands, three 1/3-octave bands, or one 1/1-octave band. In other

words, the sum of the energy contributions of each of the three 1/3-

octave bands comprising a full octave band should result in the value

that would be obtained from a single measurement of that full octave

band. It follows that the observed single value in each of the 1/3-
octave bands will be less than the single value observed for the full

octave band.
A problem arose when the existing criterion contours based upon

octave band sound pressure level measurements were applied to the 1/3-

octave band measurements. To resolve the problem, it was agreed* that

measurements should be made in frequency bands not greater than 1/1-
octave wide and not less than 1/3-octave wide, and the values should be
corrected te correspond to those of full octave bands by the addition of
10 logr n (dB) to the average level when (l/n) octave band filters are

used. In the case of 1/3-octave bands, n = 3; therefore 10 log
10

(3) =

4.77 dB or 5 dB when rounded to the nearest whole number. Some

countries plot impact sound pressure level data in octave bands, some
plot 1/3-octave band data after adding the 5 dB octave hand "correction"
to the data and others plot 1/3-octave band data without applying the

"correction". As a consequence, the literature contains information
which may be confusing and perhaps contradictory. It is scientifically

more pleasant and logical to present the data as measured. When com-

parison with criteria or recommended contours is necessary, these
theoretical and sometimes arbitrary reference curves can be adjusted
readily to correspond with the measured data. In other words for use
with 1/3-octave band data, it is easier to adjust a reference contour
by subtracting the value of 10 loglon from it, rather than adding that

value to the measured data. Likewtse, if the reference contours are
based upon 1/3-octave band data, the value of 10 lcglon can be added to
:le contour for comparison with 1/1-octave data. Thts practice avoids
the contradictory situation where exactly the same noise is chtracter-

ized by octave band data and 1/3-octave band data (adjusting by adding

.11IMP MEM.

*By the International Organization for Standardization.
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5 dB), but when computed yield total energies which are not the same.

From a scientific point of view, it is technically correct and

permissable to convel; or express data obtained from 1/3-octave band

measurements in terms of 1/1-octave band data, but the converse requires

making an assumption about the distribution of sound with frequency which

may not agree with the distribution in the particular case consideritd.

In view of the desirability of 1/3-octave band analysis of noise

and the current trend toward standardization of such analyses, the data

will be presented as measured in this publication and the reference

contours for obtaining single-figure ratings will be adjusted accord-

ingly. Furthel, it is recommended that future measurements incluee

1/3-octave band analyses and that subsequent criteria contours be

based dtrectly on such data.
The following list gives capsular descriptions of required or

recommended airborne and impact sound insulation criteria of various

foreign countries. Graphic illustrations of these criteria are given

at the end of this chapter.

1. AUSTR/A -

(a) Airborne Sound Insulation: Single-figure ratings are
obtained from a reference contour (Figure 9.6) allowing an average

unfavorable deviation* of 2 dB. The STL measurements use either swept
frequency-modulated sinuctoids with octave-band analysis, or white noise

with 1/3-octave band analysis.
(b) Impact Sound Insulation: Single figure ratings are

obtained from a reference contour (Figure 9.7) allowing an average
unfavorable deviation of 2 dB. 1/1-octave baRd analysis of impact
sound pressure levels, normalized to A0 10m4, is made in the receiving

room with the ISO type tapping machine operating on the floor above.

Rftommendations for both airborne ahd impact sound insulation are
based upon four sound insulation groups, by buildtng types, with criteria
for various individual partition functions within each group. In

addition there are three reference curves for assessing impact noise
reduction (LI) achieved by modifying the basic floor-ceiling structures
with additional floor or ceiling assemblies. Although this standard is

not a legal requirement, it is observed by most planners, builders,
customers an# housing authorities in Austria.

Reference: 0 NORM B 8115 "Hochbau Schallschutz und Hdrsamkeit", April

27, 1959.
2. BELGIUM -

As far as we know, there are no national requirements, however,

*Generally throughout these capsular descriptions, the "average unfa-

vorable deviation" (d) is computed as follows:

E d dl +d2+ d
n

n n
all

where d
n

are the deviations from the

in the unfavorable sense are entered

the favorable sentse are entered with
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at their full value and those in
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British, French and German standards are applied in certain areas, and
in some cases more stringently than in the countries of origin.

3. BULGARIA -
As far as we know, the Bulgarian requirements are quite similar

to those of Czechoslovakia.

4. CANADA
(a) Airborne Sound Insulation: "Construction shall provide a

sound transmission class rating* of not less than 45 between dwelling

units in the same building and between a dwelling unit and any space

common to two or more dwelling units." Quoted from Section 5 "Sound
Control" (Residential Standards, Canada, 1965, NRC. No. 8251) Supplement
No. 5 to the National Building Code of Canada, 1960, NRC. No. 5800.

(b) Lmpact Sound Insulation: There are no requirements in

current use, but it is understood that a new code is in preparation.

5. CZECHOSLOVAKIA -

(a) Airborne Sound Insulation: Requirements are based upon

reference contours (Figure 98) with different contours applicable to
laboratory and field measurements, allowing an average unfavorable devia-
tion of 2 dB, providing that no single unfavorable deviation may exceed
8 dB, based upon octave bands. STL measurements are conducted in the
laboratory aRd sound level difference measurements which are normalized

to (A = 10mh) are performed in the field.

Refergnce: O. Brandt, "Sound Insulation Requirements between Dwellings".
An invited paper presented at the Fourth International Congress on
Acoustics, Copenhagen, Denmark, 1962.

(b) Impact Sound Insulation: As far as we know, the measure-
ments and the reference contour follow the German standard (DIN 4109);

however, the requirements are about 10 dB more stringent.

6. DENMARK -
(a) Airborne Sound Insulation: The requirements are based

upon reference contours (Figure 9.6) with a distinction between iso-

lation provided by a partition alone and isolation between two rooms.
The sum total of unfavorable deviations may not exceed 16 dB. Measure-

ments are reported as sound pressure level differences normalized to

T
o
= 0.5 second.

(b) Impact Sound Insulation: Similarly, these requirements

are based upon a reference contour (Figure 9.9) with the same restric-

tion on unfavorable Aeviations. 1/3-octave band measurements of impact
sound pressure levels, normalized to To = 0.5 second, are made in the
receiving room with the ISO type tapping machine operating on the floor

above.

Reference: Bygningsreglement for 14bstaederne og landit (Building

Regulations) Chapter 9, "Sound Isolation', Copenhagen, Denmark (1961)

7. ENGLAND -

(a) Airborne Sound Insulation: Three grading contours
(Figure 9.10) - House Party Wall Grade, Grade I and Grade II are

*As prescribed in ASTM Specification E90-61T "Tentative Recommended
Practice for Laboratory MeasureLent of Airborne Sound Transmission Loss

of Building Floors and Walls", 1961.
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specified as recommended requirements; a small allowance is permitted

which is equal to an average unfavorable deviation of 1 dB. If the mean

deficiency exceeds 1 dB of Grade II, the structure is classified as

x dB worse than Grade II. This quantity is not defined for structures

rating better than Grade II. 1/3-octave band measurements are made in

accordance with British Standard 2750: 1956*, and results are reported

as STL or sound pressure level differences normalized to T = 0.5 second

for laboratory and field respectively. Frequency-modulate8 sinusoids or

random noise may be used.
(b) Impact Sound Insulation: Likewise, two grading contours,

(Figure 9.11) Grade I and Grade II, are specified as recommended require-

ments with similar allowances as above. Impact sound pressure levels are

measured4 either in octave or 1/3-octave bands and normalized to

A
o
= 10e in the laboratory or T

o
= 0.5 second in the field. Measure-

ments are made in the receiving room with an ISO type tapping machine

operating on the floor above. If the analysis is made in bands less than

a full octavo, results are to be "corrected" by adding 10 loglon, where

l/n is the bandwidth used.
Although the code represents a standard of good practice, and thus

takes the form of recommendations, some local areas require compliance

with certain sections of the code; there are indications of the future

emergence of regulations throughout the United Kingdom.

Reference: British Standard Code of Practice, CP3: Chapter III,

"Sound Insulation and Noise Reduction" (1960).

8. FINLAND -

(a) Airborne Sound Insulation: Contours (Figure 9.12)

associated with three sound insulation classes are specified as recom-

mei,sed requirements. The classes are based upon maximum permissible

noise levels in a given space, as well as the necessary sound isolation

obtainable from a partition or between two rooms. The sum total of the

unfavorable deviations may not exceed 16 dB. STL measurements are

conducted in the laboratory, and sound pressure level differences

normalized to To = 0.5 second are performed in the field; all data

are reported in 1/3-octave bands.

(b) Impact Sound Insulation: Likewise, contours (Figure 9.13)

associated with the three sound insulation classes are specified as

recommended requirements. These carry the same restriction on unfavor-

able deviations, as above. 1/3-octave band measurements of impact sound

pressure levels are made in the receiving room with the ISO tapping

machine in operation on till floor above. Laboratory and field results

are normalized to Ao = 10e and T = 0.5 second, respectively.

Thern is no legislation yet ?n Finland regarding mandatory require-

ments of sound insulation; therefore, the above are considerd to be

recommendstions.

Reference: EHDOTUS XXNENERISTYSMURXYSIKSI, "Suggestion for Requirements

of Sound Insulation", Valtion Teknillinen Tutkimuslaitos, Tiedotus.

Sarja III - Rakennus 42, Helsinki (1960).

*"Recommendations for Field and Laboratory Measurement of Airborne and

Impact Sound Transmission in Buildings", British Standard 2750: 1956,

British Standards Institution.
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9. FRANCE -
The French have had standards since 1958; however, it is under-

stood that new regulations are being prepared. Single-figure ratings

are derived from comparison of measured values with specified average
sound pressure level differences normalized to To = 0.5 second for

airborne sound insulation. Similarly, ratings for impact sound insula-

tion are obtained by comparison of measured 1/3-octave band impact
sound pressure levels, adjusted to "correspond" to octave band levels,
with specified sound pressure levels normalized to To = 3.5 second. An

ISO type tapping machine is used as a source of impact excitation.

10. GERMANY -
(a) Airborne Sound Insulation: Single-figure ratings are ob-

tained from reference contours* (Figure 9.6); separate curves are used
for the comparison of field and laboratory data. An average unfavorable
deviation of 2 dB is permitted when computed as follows:

d
1 +

d
2 +

d
n-1 +

d
n

a 2

(n-1)

where d are the deviations from the re..erence contour; deviations in
the favon rable sense are assumed to lie on the contour and are entered

as zero in the computation. n is equal to t'he number of measured values,
usually at sixteen 1/3-octave bands. Measurements are made in accordance

with DIN 52210**, and results are reported as R(STL) and R' for labora-
tory and field measurement respectively.

(b) Empact Sound Insulation: Single-figure ratings are
obtained from reference contours (Figure 9.7) in a similar manner as for
airborne sound insulation; the average unfavorable deviation is computed
analogously. The 1/3-octave band analysis of impact sound pressure
levels is made in the receiving room with the ISO tapping machine
operating opt the floor above. The sound pressure levels are normalized
to A = 10e and "corrected to correspond" with octave band data.

o
Germany was among the first countries to include provisions for

acoustical privacy and noise control in building codes; and the present
standard (DIN 4109) is perhaps one of the most comprehensive documents
of its kind.

Reference: Schallschutz in Hochbau (Sound Insulation in Buildings), DIN
4109, (5 parts dated September 1962 - April 1963).

11. NETHERLANDS -
(a) Airborne Sound Insulation: There are two quality classes

of sound insulation, "fair" and "good", based mainly upon the comparison
of measured insulation values with reference values (Figure 9.14).

2 < 2 dB (9.7)

*The theory of requirement contours is given by L. Cremer, in "Der Sinn
der Sollkurven", Schallschutz von Bauteilen, Berlin, 1960. (Published
by Wilhelm Ernst & Son.)

**Messungen zur Bestimmung des Luft - und Trittschallschutzes,
(Measurements for the Determination of Airborne and Impact Sound
Insulation), DIN 52210, March 1960.
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From that comparison, three specific rules are used for obtaining the

Insulation Index of a structure. Measurements are made in four octave

bands with cuater frequencies ranging from 250 to 2000 Hz; the labora-

tory results are reported as STL and field results as sound pressure

level differences normalized to A = 10mL.

(b) Impact Sound Insulation: Similarly, there are two quality

classes of sound insulation and the ratings are based upon comparison

with reference values (Figure 9.15) with three specific rules analogous

to the airborne sound insulation rating system. Impact sound pressure

level measurements are made in the receiving room with an ISO type

tapping machirs operating on the floor above. The mersuremeRts are made

in the same four octave bands and are normalized to A al 10e.

Reference: Natuurkundige Grondslagen voor Bouwvoorsariften, Deel III,

Geluidwering in Woningen (Noise Control and Sound Insulation in Dwell-

ings), NEN 1070, December 1962, Nederlands Normalisatie-Instituut.

12. NORWAY

(a) Airborne Sound Insulation: Single-figure ratings are

obtained by comparison of measured data with reference contours

(Figure 9.16) allowing an average unfavorable deviation of 1 dB.

Measurements are made in accordance with ISO/R 140-1960*, and results

are reported as sound pressure level differences normalized to To 0.5

second. The codes are based upon an effective airborne sound insulation

number which takes into account the insulation qualities of the

partition, its area, the volume and the reverberation time of the

receiving roam and the estimated degree of flanking transmission.

(b) Impact Sound Insulation: Similarly, single-figure ratings

are obtained by comparison with referenc. contours (Figure 9.17),

allowing the same average unfavorable deviation. A 1/3-octave band

analysis of impact sound pressure levels, normalized to To ag 0.5 second,

is made in the receiving room with the ISO tapping machine operating on

the floor above. The codes also are based upon an effective impact

sound number systcm, which yields positive numbers such that the larger

values indicate increased impact sound insulation.

Reference: "Proposed Norwegian Building Code for Sound Insulation",

Norges Byggforskinngsinstitut Rapport 38, Oslo 1963.

13. SCOTLAND
(a) Airborne Sound Insulation: The Scottish btillding standards

are based upon the "House Party Wall Grade" and "Grade I" contours of the

British Standard Code of Practice (Figure 9.10), CP3: Chapter III,

"Sound Insulation and Noise Reduction", 1960; the measurements are

conducted in accordance with B.S. 2750: 1956, (See 7. ENGLAND).

(b) Impact Sound Insulation: Likewise, the "Grade I" refer-

ence contour (Figure 9.11) for impact sound pressure levels is used.

The 1/3-octave band analysis is normalized to To m 0.5 second, and

"corrected to correspond" with octave band data.

This differs significantly from the British case because the

*Internationei Organization for Standardization, ISO Recommendation

R140, "Field and Laboratory Measurements of Airborne and Impact Sound

Transmission", ISO/R 140-1960 (E).
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Scottish building standards constitute a legal requirement, effective

June 15, 1964, as opposed to a recommendation. Although not applicable

to existing buildings prior to that date, local authorities have the

power to require conformation in all new buildings.

Reference: Building Standards (Scotland) Regulations, Part VIII, 1963,

as presented by G. Berry in an article entitled "Sound Insulation in

Houses and Flats - Effect of New Scottish Building Standards", INSULATION

January 1964.
14. SWEDEN -

(a) Airborne Sound Insulation: There are three grading

contours (Figure 9.18) to which measured 1/3-octave band data are

compared. The data are Teported as sound pressure level differences

normalized to A = 10m2. The total sum of the unfavorable deviations

may not exceed 16 dB. The requir21ents, which ere stated in terms of

functional application of the wall structures, thus determine which one

of the three contours must be satisfied in a specific case.

(b) Lmpact Sound Insulation: Two grading contours (Figure

9.19) are specified for the required comparisons; these are based

upou a 1/3-octave band analysis of impact sound pressure levels measured

in the receiving room with an ISO type tapping machine operating on the

floor above. The results are normalized to A = 10m2 and are reported

as measured, i.e. without the "correction" teoctave bands. In this

case, the total sum of the unfavorable aeviations may not exceed 32 dB.

Reference: Swedish Building Code: BABS 1960. Anvisnigar Till

Byggnadsstadgan, Kungl. Byggnadsstyrelsens Publikationer, Stockholm,

Sweden (1960).

15. SWITZERLAND -

(a) Airborne Sound Insulation: An unofficial draft recom-

mendation exists, in which "minimum" and "maximum" requirements of

average sound transmission loss are specified, which are based upon

both laboratory and field measurements according to type of building

and wall function. In the case of multifamily dwellings, the follawing

is applicable: Laboratory Field

Building Component ML. Max. Min. Max.

Dividing walls and ceilings in 52 dB 57 dB 50 dB 55 dB
flats, staircase wall

Dividing walls between flats
and restaurant, cinema, garage, 57 dB 67 dB 55 dB 65 dB
workshop and other business

premises
(b) Im act Sound Plsulation: There are no explicit require-

ments.

Reference: W. Furrer, "Room and Building Acouscics ane Noise Abatement",

p. 203, English Translation (Butterworth & Co. Ltd., LE:o.don, 1964).

16. U.S.S.R. -
(a) Airborne Sound Insulation: There are three reference

contours (Figure 9.20) with which sound transmission loss measurements

are to be compared. In the comparison, unfavorable deviations are

computed as follows:
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d
1 +

d
2 + +

d
5 +

d
6

2

6

2 < 2 dB ( .8)

where dn are the deviation from a reference contour based upon the six

1/1-octave bands with center frequencies in the range 100-3200 Hz. In

addition, no single unfavorable deviation may exceed 8 dB.

(b) Impact Sound Insulationl Similarly, there are two

reference contours (Figure 9.21) which specify maximum impact sound

pressura levels permissible in the receiving room with a tapping machine

operating or the floor above. Unfavorable deviations from the specifi-

cation contours are computed analogously, as above, according to

equation 9.8.

Reference: Advisory Code for Sound Insulation in Housing and Community

Buildings, (CH39-58) State Publishing Office for Building Architecture

and Building Materials Literature, Moscow, 1959.

In general, most of the requirements imply minimal sound insulation;

however, the foregoing cursory review of codes, standards and recommenda-

tions obviously does not include all the information contained in such

documents. For example, many codes specify criteria for partitions

'within dwelling units, maximum sound pressure levels permissible in a

given space, criteria for doors and windws, means to minimize flanking

transmission and structure-borne noise, and other pertinent information.

In fact, some documents approach textbook status on the subject of

acoustical privacy and noise control rather than codes.

In summary, the review shows several prevalent techniques for

specifying adequate acoustical privacy, which essentially are as

follows:
(1) Single-figure rating requirements or recommendations formu-

lated on the basis of a single reference contour or upon a family of

reference contours, with accompanying rules for computing such ratings.

The code requirements are not necessarily consonant with, or the same

as, the values of the reference contour; or in other words, the

required insulation, for a given installation, may be x dB more stringent

than the values of the reference contour. (This point has been often

overlooked in similar studies, of existing codes and criteria, appearing

in the literature.)
This system affords the greatest flexibility for the code writer

because he can revise the single-figure requirements, if need be, without

disrupting the basic rating scheme.

(2) Grading curves for minimum airborne sound insulation and

maximum hmpact sound pressure levels. This system affords the sfmplicity

of a "go or no go" decision on the part of the appropriate authorities;

but if revision of the requirements becomes necessary, the change is

usually difficult to accomplish.

(3) Requirements based upon the single-figure arithmetic average

of sound transmission loss values. Although this system is the simplest,

there have been technical questions raised regarding its suitability.

Figure 9.22 shows fhe range of minimum airborne sound insulation

requirements and re2ommendations of other countries and the range of
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suggested values* for particular cases requiring better sound insu'Ation

performance. Technically speaking, sound transmission loss, STL, and

normalized level difference, Dn, values should not he plotted on the

same graph; however, for purposes of convenience, they are shown

together and labeled "Airborne Sound Insulation". It can be shown that

STL n D
A

when the partition area S is approximately 107.6 ft2; also,

STL = D
To

when S/V-->0.1 ft
-1

, where S is the partition area and V is

the volume of the receiving room in the English system of units**.

Similarly, the shaded areas in Figure 9.23 show, analogously, the

range of minimum impact sound insulation Lequirements or recommendations

of other countries and the range of suggested values for particular

eases requiring better sound insulation performance. These values are

plotted to be consistent with 1/3-octave band analyses; i.e., reference

contours which were established for comparison with octave band data

have been lowered 5 dB for comparison with 1/3-octave band data. In

additionA reference values for use with data normalized to both

A = 10m4 and To = 0.5 second are 0144n together. It can be shown that

tRe two normalization schemes yield equivalent results for measurements

in rooms which have a volume of approximately 1100 ft3 or 310.

*These generally pertain to areas where better than minimal sonnd

insulation is usually necessary, such as separation of dwelling units in .

quiet or suburban locations; separation of dwelling units from small

business shops within a building, or from noisy areas such as mechanical

equipment rooms, restaurants and for application to hospitals, hotels

and so forth.

**In metric units: STL = D
A

when S = 10m
o

-
STL = D

To
when S/V 4> 0.33m

1
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Figure 9.6
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Figure 9.10
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Figure 9.18
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CHAPTER 10

FHA RECOMMENDED CRITERIA

A. INTRODUCTION
The overall objectives of these criteria, as well as this entire

Guide, are to provide direction toward the attainment of acoustIcal
privacy and the control of noise in multifamily dwellings. To reach this

goal, the system of criteria must be relatively simple it application and

administration; it must be based upon meaningful physical measurements;
it must be flexible so that.it may be revised with ease, in order to

maintain currency; and above all, it must be effective.
The plan utilized by the FHA is fundamentally a gradation of single-

figure ratings, based upon reference contours. This system affords the
greatest opportunity for relating recommendations or requirements to a

variety of conditions, such as: ambient background noise usable for

masking purposes which may imply urban, suburban or rural locations;

minimal, average, or high income housing; and for specific wall or

floor-ceiling functions within buildings. In addition, ease of revision

of recommendations or requirements is inherent in this system without

disrupting the basic scheme for classifying structures as to their

acoustical properties.

B. PHYSICAL MEASUREMENTS OF AIRBORNE SOUND INSULATION
Measurements should be performed in conformance with the current

methods of test which are endorsed and published by the major standard-
ization committees and associations such as the American Society for

Testing and Materials (ASTM), the United States of America Standards

Institute (USASI) and the International Organization for Standardization

(ISO). The preferred method of test will be that one currently in use

at the National Bureau of Standards, which is presently designated as

ASTM E90-66T, "Tentative Recommended Practice for Laboratory Measurement

of Airborne Sound Transmission Loss of Building Partitions".*

C. SINGLE-FIGURE RATINGS OF AIRBORNE SOUND INSULATION
The only positive method for selecting a construction with the

proper sound-insulating properties for a given installation is the study

of the entire sound transmission loss curves of a number of constructions.

It is difficult to describe completely the acoustical properties of

structures with a single value. However, it is commonly acknowledged

that single-figure ratings are useful for general categorization and as

such may provide a convenient tool for architects, builders, code writers

and others.
Over the years, several single-figure rating schemes have been

proposed and used with varying degrees of success. However, in recent

years, the Sound Transmission Class (STC) has been used in this country

with reasonably successful results. The STC relates the sound insulating

properties of a structure as a function of frequency more effectively

than did the earlier arithmetical average sound transmission loss values.

*Available from the American Society for Testing and Matetials, 1916

Race Street, Philadelphia, Pennsylvania 19103.
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This single-figure rating appeared initially in ASTM E90-61T* and its

foundations and significance are discussed by T.D. Northwood**. A

revised STC rating system, which now appears in ASTM E90-66T, conforms

with certain technical revisions in the test procedure, and provides a

computation scheme which decreases the probability that the STC value

of a given partition is determined solely by a single sound transmission

loss value at some particular frequency.

The FHA recommended criteria for airborne sound insulation utilize

the STC rating system which is given in the above mentioned ASTM E90-66T

document. To determine the STC of a test specimen, the sound trans-

mission loss values, as determined in the contiguous sixteen 1/3-octave

bands with center frequencies in the range 125-4000 Hz, are compared

with the values of the STC reference contours, Figure 10.1, according to

the following conditions:

(1) A single unfavorable deviation (i.e. an STL value which falls

below the contour) may not exceed 8 dB.

(2) The sum of the unfavorable deviations shall not be greater

than 32 dB. Then, the STC for the specimen is the numerical value

which corresponds to the STL value at 500 Hz of the highest contour for

which the above conditions are fulfilled.
Figure 10.2 illustrates the form of a transparent overlay designed

for rapid graphical determinations of STC values. Initially, the sound

transmission loss values of a specimen are plotted to the nearest whole

dB on graph paper on which the ordinate scale is 2mm/dB and the

abscissa scale is 50mm/decade. The transparent overlay is then placed

over the graph, matching the frequency scale, and adjusted such that all

data points lie on or above.the broken-line contour, which assures that
single deviations are less than or equal to a maximum of 8 dB. Then the

deviations (in dB) falling below the solid-line contour are summed and

the total may not exceed 32 dB. If the total is greater than 32 dB,

the o,arlay is adjusted downward until that condition is met. The STC

value of the specimen is the STL value indicated by the arrow which

leads from the intersection of the reference contour and the 500 Hz

ordinite. In addition, a tabular method for determining STC values is

given in ASTM E90-66T.

D. PHYSICAL MEASUREMEMS OF EMPACT SOUND PRESSURE LEVELS
As in the case of sound transmission loss reasurements, impact sound

pressure level measurements should be performet: in accordance with the

current methods of test which are endorsed by the major standardization

organizations. (The only formal document at this time is the ISO

*ASTM E90-61T, "Tentative Recommended Practice for Laboratory Measurement

of Airborne Sound Transmission Loss of Building Walls and Floors"

(American Society for Testing and Materials, 1916 Race Streat,

Philadelphia, Pennsylvania, 1961).

**T.D. Northwood, 'Sound-Insulation Ratings and the New ASTM Sound-

Transmission Class", J. Acoust. Soc. Am., Vol. 34, No. 4, April 1962,

pp. 493-501.
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/ Recommendation R140, "Field and Laboratory Measurements of Airborne and

Impact Sound Transmission", ISO/R140-1960(E), International Organization

for Standardization).
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Also, the preferred method of test will be that one currently in use at

the National Bureau of Standards. There is no formal standard method of

test in the United States at this time; however, there is a method

presently under consideration in a subcommittee of the ASTM. This

proposed method, which is presently in use at NBS, forms the basis of

measurement upon which the criteria are founded.
Th* method of test involves the operation of a "standard" tapping

machine* on the floor and the measurement of the resultant sound
pressure levels produced in a reverberant room directly below. The

sound pressure levels, averaged over time and space, in 16 contiguous
1/3-octave bands with center frequencies in the range 100-3150 Hz, are

to be measured at six stationary microphone positions or with a slowly

moving microphone in fhe receiving room with the tapping machine placed

successively in at least three specified locations on the floor. The

*Tapping machine specifications are given in ISO/R140.
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ASTM E90-66T

ISO

100 250 500 IK 2i 4K

FREQUENCY, N:

SOUND TRANSMISSION CLASS, STC

Use with 1/3-octave data; 5cm in 25dB, 5cm 1 freq. decade

STC TL value of Reference Curve at 500 Hz

Fig. 10.2. Form of Overlay for STC Determination.
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results of the measurements shall be reported as impact sound pressure
levels (ISPL), normalized to a reference room absorption of A

o
m 10m2

or 107.6 sabins.

E. SINGLE-FIGURE RATINGS OF IMPACT SOUND INSULATION

In choosing the proper floor-ceiling structure to meet the impact
sound insulation requirements of a particular installation, it is
recommended that the antire impact sound pressure level curves be
studied, rather than choosing structures solely on the basis of the
single-figure ratings. Experience has shown clearly that single-figure
classifications cannot describe completely the acoustical properties of
structures. Occasionally the rank order of two structures on the basis
of single-figure ratings is reversed when the entire impact sound pres-
sure curves are considered. The one with a lower single-figure rating
may provide be;ter sound insulation for a given situation. For these
reasons, a certain amount of discretion must be exercised in the use of
a single-figure classification system. Nevertheless, this system does
serve a useful purpose in categorizing structures with similar impact
sound insulating properties and, with some reservations, can be used by
architects, builders and code authorities for acoustical design purposes
in building construction.

The phyoical measurement of airborne sound insulation of a building
partition is based on differential measurements of the sound pressure
levels in two reverberant rooms separated by the test partition, and thus
is readily adaptable to a rating system such as the STC in which larger
numbers indicate increased sound insulation. However, the impact sound
transmission performance of a floor structure is based on measurements
of the absolute sound pressure levels produced in a room directly below
the test floor on which a "standard" tapping machine is operating. In
this case, lower impact sound pressure levels indicate better insulating
performance. The fact that airborne sound insulation measurements and
reams differ in principle from those of impact sound insulation has
caused some confusion among architects, builders, contractors and
others, particularly with respect to the meaning and relationship of
the two rating systems.

To remove this confusion and relieve the architect and builder of
the burden of reconciling different acoustical rating systems, a new
system called the IMPACT INSULATION CLASS (IIC) has been devised. This
system which is utilized in the FHA recommended criteria for impact
sound insulation, establishes a someWhat analogous parallelism with the
more familiar airborne STC rating system. As in the STC system, the
IMPACT INSULATION CLASS (IIC) rates floor structures with positive
numbers in ascending degrees of impact sound insulation, i.e. the
larger the number the greater the insulation. This avoids the confusing
practice of dealing with "negative insulation values", which arise from
the use of a zero-valued reference contour. Thus, for all practical
purposes, the numerical values and significance adsigned to the contours

of the IIC rating system are about the same in terms of impact sound
insulation as the values and significance associated with the contours
of the airborne sound insulation STC system. Thus for example, an
architect might simply specify an STC = 50 and an IIC = 50 for a

particular installation. In addition, there is the inherent versatility
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which allows all code authorities to establish and revise their own

criteria, if necessftry, without the awesome task of re-evaluating

scructures tested previously.
To determine the IIC of a test specimen, the iwpact sound pressure

levels are measured according to section D above, normalized to a refer-

ence absorption of Ao= lOm2 or 107.6 sabins, and compared with the values

of the 1IC reference contours, Figure 10.3, according to the following

conditions:

(1) A single unfavorablta deviation (i.e. an ISPL value which lies

above the contour) may not exceed 8 dB.

(2) The sum of the unfavc'aLle deviations shall not be greater than

32 dB.
Then the IIC for the specimen is the value of the ordinate scale on the

right (IIC), corresponding to the ISPL value at 500 Hr of the lowest

contour for which the above conditions are fulfill".

The TIC contour may be constructed as follows: horizontal line

segment in the interval 100 to 315 Hz; a middle line segment decreasing

5 dB in the interval 315 to 1000 Hz; followed by a high frequency line

segment decreasing 15 dB in the interval 1000 to 3150 Hz.

On the average, the IIC rating is about 51 points higher (algebraic

addition), than the 1NR rating used in FHA No. 750. However, it would be

dangerous to apply an "across the board" adjustment to all INR ratings,

for the spread between the two rating systems might be about ± 2 points.
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125 250 500 1K 2K 4K
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Fig. 10.3. Impact Insulation Class Contours.
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Figure 10.4 illustrates the form of a transparent overlay designed

for rapid graphical determination of IIC values. Initially, the impact

sound pressure levels normalized to Ao lOm. are plotted, to the nearew7

whole dB, on graph paper on which the ordinate scale is 2mm/dB and the

abscissa is 50mm/decade. The transparent overlay is then placed over

the graph, aligned with the frequency scale, and adjusted so that all

data points lie on or below the broken-line contour; this assures

initially that single deviations are less than or equal to a maximum of

8 dB; then the deviations above the solid-line contour are summed and

the total may not exceed 32 dB. If the total is greater than 32 dB, the

overlay is adjusted upward until that condition is met. Then the IIC

value, read from the overlay, corresponds to the ISPL value of 60 dB on

the graph scale.

F. RECOMMENDED CRITERIA
Descriptive definitions of three grades of acoustic environment are

given in order to ascribe criteria suitable to the wide range of urban

developments, geographic locations, economic conditions and other factors

involved in the areas of concern of the FHA. Constructions which meet

the criteria will provide good sound insulation and satisfy most of the

occupants in the buildings which fit the conditions of eoch grade.

Emphasis should be placed upon Grade II, as described belcw, for this

category will be applicable_to the largest percentage of multifamily

dwelling construction and thus should be considered as the fundamental

guide.
Grade I is applicable primarily in suburban and peripheral suburban

residential areas, which might be considered as the "quiet" locations and

as such the nighttime exterior noise levels might be about 35-40 dB(A) or

lower, as measured using the "A" weighting network of a sound level meter

which meets the current standards. The recommended permissible interior

noise environment is characterized by noise criteria of NC20-25*. In

addition, the insulation criteria of this grade are applicable in certain

special cases such as dwelling units above the eighth floor in high-rise

buildings and the better class or "luxury" buildings, regardless of

location.
Grade II is the most important category and is applicable primarily

in residential urban and suburban areas considered to have the "average"

noise environment. The nighttime exterior noise levels might be about

40-45 dB (A); and the permissible interior noise environment should not

exceed NC25-30 characteristici.
Grade III criteria should be considered as minimal recommendations

and are applicable in some urban areas which generally are considered as

"noisy" locations. The nighttime exterior noise levels might be about

55 dB(A) or higher. It is recommended that the interior noise environment

should not exceed the NC-35 characteristic.

*Details of NC curves may be found in Chapter 20 of "Noise Reduction",

edited by L.L. Beranek, McGraw-Hill Book Company, Inc., 1960.
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In all cases, the partition structures should have STC and IIC

ratings equal to or greater than the given criterion figures. For

floor-ceiling assemblies, the criteria for both airborne and impact

sound insulation must be met. A floor-ceiling structure ,Thich may

provide adequate impact sound insulation but insufficient airborne

sound insulation, or vice versa, will not assure freedom from occupant

complaints.
The fundamental or key criteria of airborne and impact sound

insulation of wall and floor assemblies which separate dwelling units of

equivalent function are given in Table 10-1. These criteria are based

upon STC and IIC ratings derived from laboratory measurements, since

stendard methods of test for field measurements save not as yet been

formally adopted. Figures 10.5 and 10.6 illultrate the relationship of

the fundamental FHA recommelded criteria with the rarge of airborne and

impact soe-nd insulation requirements or recommendations of other countries.

TABLE 10-1. Key Criteria of Airborne and Impact
Sound Insulation Between Dwelling Units

GRADE I GRADE II GRADE III

Wall Partitions STC 55 STC 52 STC 48

STC 55 STC 32 STC 48
Floor-Ceiling Assemblies

IIC 55 IIC ?. 52 IIC 48
..=111

The following comprehensive tables show the criterion values related

to partition function as applied in the separation of dwelling units.

Indeed, these tables include most of the typical separation cmbinations

found in multifamily buildings, as well as some which are clearly undesir-

able for several reasons. The purpose of this detail is to illustrate

the importance of the acoustical separation between sensitive and non-

sensitive areas. Where the partition between dwelling units is common to

several functional spaces, the partition must meet the highest criterion

value.
TABLE 10-2.

Partition Function

Criteria for Airborne Sound Insulation
of Wall Partitions Between Dwelling Units

Between Dwellings Grade I Grade II Grade III

!!214.1.
Apt. B STC STI1 STC

Bedroom to Bedroom 55 52 48

Living room to Bedroom
1

'
2

57 54 50

Kitchens to Bedroomi' 2 58 55 52

Bathroom to Bedroom1' 2 59 55 52

Corridor to Bedroom2' 4 55 52 48

Living foom to Living room 55 52 48

Kitchen to Living room1' 2 55 52 48

Bathroom to Living room1 57 54 50

Corridor to Living room2, 4, 5 55 52 48

Kitchen
Bathroom
Curridor

to

to

to

Kitchens' 7

Kitchen
19 7

Kitchen
2

'

Ais 5

52

55

55

50

52

52

46
48
48

Bathroom to Bathroom' 52 50 46

Corridor to Bathroom2 9 4 50 48 46
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NOTES, RE: TABLE 13-2

1. The most desirable plan would have the dwelling unit partition
separating spaces with equivalent functions, e.g., living room opposite
living room, etc.; however, when this arrangement is not feasible, the
partition must have greater sound insulating properties.

2. Whenever a partition wall might serve to separate several
functional spaces, the highest criterion must prevail.

3. Or dining, or family or recreation room.

4. It is assumed that there is no entrance door leading from

corridor to living unit.
5. A common approach to corridor partition construction correctly

assumes the entrance door as the acoustically weakest "link" and then
incorrectly assumes that the basic partition wall need be no better
acoustically than the door. However, the basic partition wall may
separate the corridor from sensitive living areas such as the bedroom
and bathroom without entrance doors, and must therefore have adequate
insulating properties to assure acoustical privacy in these areas. In

areas where entrance doors are used, the integrity of the corridor-

living unit partition must be maintained by utilizing solid-core
entrance doors, with proper gaaketing. The most desirable arrangement
has the entrance door leading from the corridor to a partially enclosed
vestibule or foyer in the living unit.

6. Double-wall construction is recommended to provide, in addition
to airborne sound insulation, isolation from impact noises generated by
the placement of articles on pantry shelves and the slamming of cabinet
doors. Party walls which utilize resilient spring elements to achieve
good sound insulation may be used, providing wall cabinets are not
mounted on them. It is not practical to use such walls for mounting
of wall cabinets becausa the sound insulating performance of the walls
can be ea3ily short-circuited, unless specialized vibration isolation
techniques are used. See text regarding proper installation of
cabinets and recommended isolation procedures for appliance installations.

7. See text regarding vibration isolation of plumbing in kitchens

and bathrooms and recommended installation of cabinets, medicine chests,
etc.
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Fig. 10.5. AIRBORNE

Grade I

Grade II

STC = 55

STC = 52

Grade III STC = 48

~4 Approximate range of
airborne sound insulation
requirements or recommendations

of other countries.

Fig. 10.6. IMPACT

ASIONI. Approximate range of

impact sound insulation
requirements or recommendations

of other countries.

Grade III TIC = 48

Grade II IIC = 52

Grade I IIC = 55



Table 10-3 includes most of the floor-ceiling assembly combinations

found in multifamily buildings as well as some which are clearly undesir-

able for several reasons. In addition, the importance of impact noise

insulation is emphasized by giving separate criteria for reciprocal

functional relationships.

TABLE 10-3. Criteria for Airborne and Impact Sound Insulation
of Floor-Ceiling Assemblies Between Dwelling Units

Partition Function Between Dwellin s Grade I

Apt. A
Bedroom above

Living room above
Kitcheri above

Family room above

Corridor above

Bedroom above

Living room above
Kitchen above

Family room above
Corridor above

Bedroom above

Living room above

Kitchen above

Bathroom above

Family room above
Corridor above

Bedroom above

Living room above
Kitchen above

Bathroom above

Corridor above

Grade II Grade III

A211.1 ETC IIC STC IIC sm. IIC

Bedroom 55 55 52 52 48 48

Bedroom" 2 cn
JI 60 54 57 50 53

Bedrooni' 2' 4 58 65 55 62 52 58

Bedroom" 2' 5 60 65 56 62 52 58

Bedroom" 2 55 65 52 62 48 58

Living root?
Living roam
Living room1' 2, 4
Living room" 2, 5
Living rloc2' 2

Kitchen" 4, 8
Kitchen" 4, 6
Kitchenii

Kitchen" 2, 4
Kitchen" 2, 4, 5
Kitchen" 2, 4

Family rooni'

Family
Familr !vole"

Bathroon:i

Corridor'

57 55 54 52 50

55 55 52 52 48

55 60 52 57 48

58 62 54 60 52

55 60 52 57 48

58 52 55 50 52

55 55 52 52 48

52 55 50 52 46

55 55 52 52 48

55 60 52 58 48
50 55 48 52 46

60 50 56 48 52

58 52 54 50 52

55 55 52 52 48

48
48
53

56

53

46

48
48
48
54

46

46
48
50

52 52 50 50 48 48

50 50 48 48 46 46

NOTES; RE: TABLE 10-3

1. The most desirable plan would have the floor-ceiling assembly

separating spaces with equivalent functions, e.g. living room above

living room etc.; however when this arrangement is not feasible the

assembly must have greater acoustical insulating properties.

2. This arrangement requires greater impact sound insulation than

the converse, where a sensitive area is above a less sensitive area.

3. Or dining, or family, or recreation room.

4. See text for proper vibration isolation of plumbing fixtures

and appliances.

5. The airborne STC criteria in this tuble apply as well to

vertical partitions between these two spaces.

6. This arrangeaent requires equivalent airborne sound inaulation
and perhaps less impact sound insulation than the converse.

7. See text for proper treatment of staircase halls and corridors.
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The sound insulation between living units and other spaces within

the building requires special considerations. Placement of living units

vertically or horizontally adjacent to mechanical equipment rooms should

be avoided whenever possible. If such cases arise, the following is

applicable. Generally the recommended airborne sound insulation

criteria between mechanIcal equipment rooms and sensitive areas in

dwellings are STC a 65, STC a 62 and STC a 58 for grades I, II, and III,

respectively. Mechanical equipment rooms include furnace-boiler rooms,

elevator shafts, trash chutes, cooling towers, garages, and the like.

Sensitive areas include bedrooms and living rooms. Similarly, the

recommended criteria between mechanical eqepment rooms and less sensi-

tive areas in dwellings are STC k 60, STC k 58 and STC a 54 for grades

I, II, III, respectively, where less sensitive areas include kitchens

and family or recreation roams. Double-wall construction is usually

necessary to achieve adequate acoustical privacy. Where living units

are above noisy areas, the airborne sound insulation is important and

impact insulation becomes a moot point as long as structure-borne

vibration is minimal. However, where mechanical equipment rooms are

above living areas, the airborne sound insulation must be maintained,

but in addition the impact insulation becomes extremely important and

elaborate steps must be taken to assure freedom from intruding vibra-

tions and impact noise. It is not advisable to ascribe impact insu-

lation criteria values to this case, but rather as discussed in Chapter

7, such structures should be designed to assure quiet living spaces.

Placement of uwelling units vertically or horizontally adjacent to

(2) business areas such as restaurants, bars, community laundries and the

like should be avoided whenever possible. If such situations arise, the

recommended airborne sound insulation criteria between business areas

and sensitive living areas are STC k 60, STC k 58 and STC a 56 for

grades I, II, III, respectively. If the living areas are situated above

business areas, impact insulation criteria of IIC a 60, IIC k 58 and

IIC 56 should be adequate; however, if the relative locations are

reversed, i.e. business areas above living areas, the impact insulation

criteria values should be increased at least by 5 points.

If noise levels in mechanical equipment rooms or business areas

exceed 100 dB, as measured using the "liLear" or the "C" scale of a

sLandard sound level meter, the airborne insulation criteria given above

must be raised 5 points.



Table 10-4 lists Ilsimled criteria for airborne sound insulation

of partitions separating rooms within a given dwelling unit.

TABLE 10-4. Criteria for Airborne Sound

Insulation within a Dwelling Unit

Partition Function Between Rooms

Grade I Grade II Grade III

STC STC STC

Bedroom to Bedroom 12 2 48 44 40

Living room to Bedroom 12 2 50 46 42

Bathroom to Bedroom 12 22 3 52 48 45

Kitchen to Bedroom 12 22 3 52 48 45

Bathroom to Living room 2 I 3 52 48 45

NOTES: RE: TABLE 10-4

1. Closets may be profitably used as "buffer" zones, providing

unlouvered doors are used.

2. Doors leading to bedrooms and bathrooms

solid-core construction and gasketed to assure a

privacy.

3. See text for proper vibration isolation

and appliances.

Townhouses and row-houses where the livin& unit occupies more than

one story should be separated by a double-wall construction with a

rating of STC = 60 or greater. Suggested criteria between rooms in a

given dwelling are the same as listed in Table 10-4 and in addition, the

floor-ceiling structures should have IIC ratings which are at least

numeriaally equtvalent to or greater than the listed STC criteria.

Roof-top or indoor swimming pools, bowling alleys, ballrooms,

tennis courts, gymnasiums and the like require extremely specialized

acoustical considerations.
Constructions which meet the above recommended criteria should

provide adeluate acoustical privacy in most cases. However, after

sufficient data are obtained which may relate occupant subjective

satisfaction with objective measurements of the acoustical properties

of structures, it may become apparent that revision is necessary and

desirable. Such subsequent revisions might be in the more stringent

direction or indeed, perhaps in the less stringent direction to effect

a desirable balance between acoustical privacy and economic feasibility.

Nevertheless, the inherent flexIbility of the system provides fot ease

of revision and a basis upm vhich subsequent incremental changes might

be made by code authorf.ties and architects.

preferably should be of
comfortable degree of

of plumbing fixtures



CHAPTER 11

DISCUSSION AND PRESENTATION OF DATA

A. GENERAL DISCUSSION

To enhance the usefulness of this guide, the results of airborne
and impact sound insulation measurements of a large number of wall and
floor structures were obtained from many sources and are presented at
the end of this chapter. The types of structures range from those
rated as excellent sound insulators to those which are admittedly poor.
There are two purposes for including this wide variety of construction,
one is to present som structures which meet or exceed the FHA criteria
and the other is to illustrat some of the structures used commonly
which do not provide adequate sound insulation.

In general, most of the airborne sound insulation data presented
were obtained from measurements ma.le in accordance with ASTM E90 methods
or equivalent, i.e. STL measurements in reverberant rooms. In the case
of some European data, which were originally presented as normalized
level differenc-A, appropriate adjustments were made in order to present
the data as sound transmission loss results and thus, maintain some
consistency. Similarly, the impact sound pressure level data reported
were obtained from measurements using the tapping machine specified in
ISO R140. However, wherever possible, the 1/3-octave daca were presented
as measured, i.e. without the arbitrary 5 dB adjustment to correspond
with octave band data. In fact, in cases where that adjustment had been
made previously, 5 dB were subtracted from the levels so that they could
be presented as originally m44sured. Some octave band* results are
presented as measured and the accompanying IIC ratings are approximately
those which might have been obtained from 1/3-octave band analyses.

The sound transmission loss and impact sound pressure level data
presented were obtained from laboratory measurements unless otherwise
specified. Those data which were obtained from field measurements are
indicated as such in the remarks on the data sheets. In all cases, the
reported results are applicable only to the individual specimen tested
and therefore do not necessarily apply to all structures of a similar
type. In a few instances, results from a sufficient number of tests
conducted on nominally identical structures were obtained so that the
average values could be presented along with the spread of the results
which is indicated by the shaded areas on the graph sheets.

A significant problem arises in presenting data obtained from field
measurements because there art no standard 7aothods of field measurement
of airborne and impact sound insulation in the United States. (The
American Society for Testing and Materials is presently drafting a much-
needed standard for determining airborne sound insulation in field
installations, which may soon alleviate part of this problem.) Some
investigators claim that good agreement between laboratory and field
measurements may be obtained when special precautions are taken to avoid

*1/3-octave band data are preferred and all future results should be

presented in this manner.



flanking transmission paths in buildings, and when the measurements are

conducted as closely as possible in accordance with ASTM E90-61T. In such

cases the test specimens are full scale partitions in an actual building

where reverberant, though not necessarily diffuse, sound fields exist

in the test rooms. Some of the results of such field measurements are

presented in this chapter.
An attempt was made to relate the results of laboratory measurements

of walls with those of field measurements which were conducted without

special precautions to eliminate flanking paths. The rather tenuous

conclusion drawn was that the STC rating based upon such field measure-

ments might be on the average about 4 or 5 points lower than that obtained

from "nominall7 identical" structures tested in the laboratory. See

Appendix B for a more complete discussion of the comparison of laboratory

and field sound insulation measurements.
Another point which warrants some discussion is that the recommended

criteria given in Chapter 10 are based on the STC rating system specified

in ASTM E90-66T, while the STC ratings given on the data sheets are based

upon the older STC system of ASTM E90-61T. As mentioned previously, the

STC rating system given in the newer document is a revised version of

that given in E90-61T, relative to contour shape and method of computation.

Although, in some cases, the resultant STC ratings obtained for the same

structure may differ slightly, this should not be troublesome because it

is generally acknowledged that a difference of 1 or 2 in the STC raiing

of a given partition will not spell the difference between occupant

satisfaction or dissatisfaction. A statistical check using limited

numbers of structures for which both STC
61

and STC
66

ratings could be

obtained shows that the STC44 rating is /mut 1.5 to 2 points higher, on

fhe average, than the STC41"fating for a given construction. However, it

would be dangerous to apply an "across the board" adjustment to all STC61

ratings, for the spread between the rating systems is about -2 to +4.

The primary reason for recommending criteria based on the STC66 system is

simply to provide currency to the guide. Unfortunately, there is an

insufficient quantity of data based on this system to present at'this

time. Consequently, E90-61T data are reported and should prove to be

late useful, since the given detailed sound transmission loss spectra

a more important than any single-figure rating.

B. DATA SHEETS
Although the data sheets should be self-explanatory, a brief supple-

mentary explanation might be helpful. The sound transmission loss data of

wall structures are given on data sheets W-1 through W-87; then the STL

and the impact sound pressure level data of floor-ceiling structures

follow on data sheets F-1 through F-61. Many data sheets include infor-

mation of more than one structure, e.g. the same basic structure with

modifications. Data are presented for 137 wall constructions and 111

floor-ceiling structures.
The data sheets include the following information:

(1) TYPE - identifies the basic structure
(2) TEST REF. - identifies the source of the data presented. The

first number refers to the item in the "List of References of Test Data"

which follows the eata section. The next number refers to the "test or

job number" assigned by the investigator. For example, TEST REF: 3-(727)
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refers to item 3 on the list which is "Sound Insulation of Wall, Floor,

and Door Constructions", NBS Monograph 77 and (727) is the number

assigned to the test specimen by the National Bureau of Standards.

(3) DESCRIPTION - the components are described in generic terms,

i.e. trade-marked names are excluded, and dimensions are given where

they were available. In addition, the total nominal thickness and the

area weight, in lbs/ft2, are given for each structure. A drawing of

each structure, with the scale usually internally consistent, supple-

ments the written description.

(4) Graphs which illustrate the detailed STL and ISPL spectra are

presented. The grid pattern of these graphs is approximately 25 dB =

frequency decade. In some cases the ordinate scale has been shifted

appropriately in order to plot the curve on the graph.

(5) The SIC and IIC ratings as well as the fire ratings are given.

Pertinerq information and the reference sources of fire ratings are

given in Appendix A.

(6) In some cases, self-explanatory remarks are included on the

data sheets.

C. INDICES
Three indices are included to aid in the selection of constructions

and are described as follows:

(a) Index I - Sound Transmission Class of Wall Constructions is

arranged in descending order of STC ratings and includes a brief coded

description of constructional elements and the appropriate data sheet

number.

(b) Index II - Sound Transmission Class of Floor-Ceiling

Constructions is arranged as above for floor-ceiling assemblies and

includes the IIC ratings.

(c) Index III - Impact Insulation Class of Floor-Ceiling

Constructions is arranged in descending order of I1C ratings and includes

the STC ratings.

11-3



AIRBORNE SOUND INSULATION DATA

OF WALL CONSTRUCTIONS



TYPE: SOLID CONCRETE

TEST REF: 3-(807), 10, 7-(TL 59-1)

DESCRIPTION: 3-in.-thick solid concrete wall poured in situ in test opening.

All surface cavities were sealed with thin mortar mix. 1- to 2-in, slump

concrete mixture consisted of 611 lb cement, 1480 lb sand, 1603 lb gravel,

and 38 gal water per cubic yard.

Total thickness: 3 in.

Area weight: approximately 39 lb/ft
2

STC 47; Fire Rating: approximately 30 min. (est.)

REMARKS4 Three nominally identical structures tested in three different

laboratories. The plotted curve is the average value and the shaded area

indicates the spread of the measurements.

20
125 250 SOO IK IK 4K

FREQUENCY, Hz
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TYPE: CONCRETE

TEST REF: 1-(S202-3, 4; S203-1, 2)

DESCRIPTION: 6-in.-thick concrete wall with a 1/2-in.-thick layer of plaster

on both sides.

Total thickness: 7 in.

Area weight: 80 lb/ft
2

REAMS: The plotted curve is the average of field measurements of four

nominally identical structures. The shaded area indicates the spread of the

measurements.

STC 53; Fire Rating: 3 hrs.(est.)
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TYPE: CONCRETE WALL - WOOD-WOOL AND PLASTER ON FURRING

TEST REF: 1-(S212, $213, $214)

DESCRIPTION: Wall consisted of precast concrete posts spaced about 5 ft

on centers with 6-in.-thick "in situ" concrete between posts. On each side,

1/2- by 2-in, furring strips (spacing not specified) with 1-in.-thick wood-

wool slabs attached and plastered to a thickness of 1/2 in.

Total thickness: 10 in.

Area weight: 62 lb/ft
2

Fangipa[131 The plotted curve is the average of field measurements of seven

nominally identical structures. The shaded area indicates the spread of the

measurements.

STC - 52, Fire Rating: over 3 hrs. (est.)
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T/PE: SOLID CONCRETE BLOCK

TEST REF: 7-(TL 59-11)

DESCRIPTION: Wall of 4-, 6-, and 8- by 8- by 16-in, sand and gravel

Lggregate solid concrete blocks; on each side, 1/4-in. to 1/2-it.-thick

layer of cement gypsum plaster and sand.

Total thickness: approximately 16 in.

Area weight: 184 lb/ft2

STC = 63; Fire Rating: over 4 hrs.
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TYPE: BRICK

TEST REF: 1-($170)

DESCRIPTION: 4 1/2-in.-thick brick wall with a 1/2-in.-thick layer of

plaster on each side.

Total Jackness: 5 1/2 in.

Area weight: 55 lb/ft
2

REmARKS; The plotted curve is the average of field measurements of three

nominal/y i4entical structures. The shaded area indicates the spread of the

measurements.

STC = 42; Fire Rating: 2 1/2 hrs.
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TYPE: BRICK

TEST REF: 1-(S173, S175-2, S182, S183, S184, S185, S186, S189, S195, S196)

DESCRIPTION: 9-in.-thick brick wall with a 1/2-in.-thick layer of plaster on

each side.

Total thickness: 10 in.

Area weight: 100 lb/ft2

MAIM: The plotted curve is the average of field measurements of

seventeen nominally identical partition walls. The shaded area shows the

spread of the measurements.

STC 52; Fire Rating: over 4 hrs.
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TYPE: BRICK

TEST REF: 2-(307)

DESCRIPTION: 12-in.-thick brick wall.

Total thickness: 12 in.

Area weight: 121 lb/ft
2

Fothms: The STC value is based upon nine test frequencies.

STC = 56; Fire. Rating; over 4 hrs.
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TYPE: STONE

TEST REF: 1-(S200)

DESCRIPTION: 24-in.-thick stone wall with a 1/2-in.-thick layer of plaster

on both sides.

Total thickmss: 25 in.

Area weight: 280 lb/ft2

BMW: These measurements were conducted in the field.

STC - 56, Fire Rating: over 4 hrs.
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TYPE: HOLLOW CONCRETE BLOCK

TEST REF: 2-(308)

DESCRIPTION: 12-in, wall made of hollow 8- by 8- by 12-in. and 8- by 4-

by 16-in, concrete blocks.

Total thickness: 12 in.

Area weight: 79 lbtft2

REMARKS: The STC value is based upon nine test frequencies.

STC 48; Fire Rating: 4 hrs.
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TYPE HOLLOW CONCRETE BLOCK

TEST REF: (a) 6-(17TR); (b) 6-(18TR)
)

DESCRIPTION: (a) 6-in. hollow concrete blocks constructed with vertical mortar

joints staggered.

(b) Similar to (a) except wall was painted.

Total thickness: 6 in.

Area weight: 34 lb/ft2

(a) STC = 43; Fire Rating: 1 hr. (est.)

(b) ---STC = 45; Fire Rating: 1 hr. (est.)
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TYPE: CINDER BLOCK

TEST REF: (a) 2-(144); (b) 2-(145)

DESCRIPTION: (a) 4- by 8- by 16-in, hollow cinder blocks; on each side

5/8 in. of sanded gypsum plaster.

Total thickness: 5 1/4 in.

Area weight: 35.8 lb/ft
2

(b) Similar to (a) except the blocks were 3 in. thick.

Total thickness: 4 1/4 in.

Area weight: 32.2 lb/ft
2

(a) STC = 46; Fire Rating: 2 hrs.

(b). STC = 45; Fire Rating: 1 1/2 hrs.

REMARKS: The STC values are based upon nine test frequencies.

70

60

1.
Cn
Cn

I 50z
cn

cnZ 40
dis

1--

o

in 30

20
125 250 500 IK

,
la
la

IMP

a
Ma
lom

la
110

a

I V I I V I 1 V I I V I I
a
a

1 V 1

OM

a
a

al

I/
re.

"al
OM

a
a
al

la
a
0
la
NM
Ns

IND

la
la

de#
le

.***.

Imo

a
a
la
lala
Ma

Is
la
M

I
0##

il/
41.-r

a
a
a
0
a

OM
a
a
a
0

ND

Op

IM

la=
Pla

la
IM

a

0-

..W..Macaw

*..
#

V

a
MI

a
a

a
0
al
a

110

a
la
a
NM
a
la

211, I

a
-
a
a

41
a
a
a

FREQUENCY, Hz

2K

W-11

4K

(a) (b)
MI 11.1. VW IV.

/%1/4,41,i7AWAIWAAW". Val
Alv/Z

/411r/e7ra/40.7,#,L,
rum.....1 r%.1111"14171:1174. lArall,A3 1.(N1001.0.0.JCII CIA rur.n.1).



TYPE: CEMENT BLOCK

TES1 REF: (a) 16-(Fig. 10); (b) 16-(Fig. 10)

DESCRIPTION: (a) 3 518- by 7 314- by 13 1/2-in. lightweight-aggregate cement

blocks with 1/2-in, mortar joints; three coats of masonry paint applied to

each side of partition.

Total thickness: approximately 3 3/4 in.

Area weight: 26.1 lb/ft
2

(b) Same as (a) except 1- by 2-in, furring strips were nailed

vertically to partition on one side; 1/16-in, layer of lead, 3.94 lb/ft
2

,

nailed to furring strips, 1/4-in, plywood covered lead with joints caulked.

Total thickness: approximately 5 in.

Area weight: approximately 31 lb/ft2 (Not specified in reference)

(a) STC is 44; Fire Rating: 1 1/2 hrs. (est.)

(b) -
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TYPE: HOLLOW GYPSUM BLOCK

TEST REF: 2-(304, 309)

DESCRIPTION: 3-in. holilw gypsum blocks cemented together with 3/8-in, mortar

joints; on each side, 1/2-in, sanded gypsum plaster.

Total thickness: 4 in.

Area weighs: approximately 21.5 lb/ft2

STC us 40; Fire Rating: 3 hrs.

MUMS: The plotted curve
represents the average of laboratory

measurements of two nominally identical structures. The STC value is'based

upon nine test frequencies.
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TYPE: HOLLOW GYPSUM BLOCK

TEST REF: (a) 2-(305); (b) 4-(Fig. 13.38)

DESCRIPTION: (a) 4-in, hollow gypsum blocks cemented together with :/8-in.

mortar joints; on each side, 1/2-in, sanded gypsum plaster.

Total thickness: 5 in.

Area weight: 23.4 lb/ft2

(b) Similar to (a) except plaster coat was 5/8 in. thick.

(a) STC = 42; Fire Rating: 4 hrs.

(b) STC = 34

WARM Curve (a) illustrates the results obtained from laboratory

measurements and curve (b) the results of field measurements of the sound

transmission loss of a similar structure. The STC value of (a) is based

upon nine test frequencies.
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TYPE: HOLLOW GYPSUM BLOCK, RESILIENT ONE SIDE, PLASTER BOTH SIDES

TEST REF: (a) 3-(313); (b) 3-(317)

DESCRIPTION: (a) 3- by 12- by 30-in, hollow gypsum blocks with 1/2-in, mortar

joints. On one side 7/16-in, sanded gypsum plaster; on the other side

resilient clips, spaced 18 in. on centers vertically and 16 in. on centers

horizontally, held 3/4-in, metal channels 16 in. on centers, to which

expanded metal lath was wire-tied; 11/16-in, sanded gypsum plaster. 1/16-in.

white-coat finish applied to both sides.

Total thickness: 5 in.

Area weight: 27 lb/ft
2

(b) Similar to (a), except 4- by 12- by 30-in. gypsum blocks

were used.

fotal thickness:

Area weight: 31
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STC values are based upon nine test frequencies.

STC 46; Fire Rating: 3 hrs.

STC 53; Fire Rating: 4 hrs.
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TYPE: HOLLOW GYPSUM BLOCK, RhSILIENT ONE STDE, PLASTER BOTH SIDES

TEST REF: 3-(315)

DESCRIPTION: 3- by 12- by 30-in, hollow gypecx blocks with 1/2-in, mortar

joints. On one side 7/16-in, sanded gypsum plaster; the other side

resilient clips, attached with 2-in, staples placed 24 in. on centers

horizontally dad 28 1/4 in. on centers vertically, held 3/4-in. horizontal

metal channels wire-tied 28 1/4 in. on centers to clips, 1/2-in, "V" edge

long-leng.,:. gypsum lath wire-tied to channels, and 11/16-in, sanded gypsum

planter; 1/16-in. white-coat finish applied to both sides.

Total thickness: approximately 5 1/2 4n.

Area weight: 27 lb/ft
2

REMARKS: The STC value is based upon nine test frequencies.

STC = 45, Fire Rating: 3 hrs.
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TYPE: HOLLOW GYPSUM BLOCK, RESILIENT ONE SIDE, PLASTER BOTH SIDES

TEST REF: (a) 3-(316); (b) 3-(319)

DESCRIPTION: (a) 35 by 12- by 30-in, hollow gypsum blocks with 1/2-in, mortar

joints. On one side 7/16-in, sanded gypsum plaster; on the other side, slotted

resilient metal furring runners placed 25 in. on centers, nailed to mortar

joints 12 in. on centers, 1/2-;n, long-length gypsum lath wire-tied to the

runners, and 11/16 in. of sanded gypsum plaster; 1/16-in, white-coat finish

applied to both sides.

Total thickness: 5 1/4 in.

Area weight: 26 lb/ft
2

(b) Similar to (a), except 4- by 12- by 30-in. gypsum blocks

were used.

Total thickness: 6 1/4 in.

Area weight: 26 lb/ft2

RENJURKS: The STC values are based upon nine test frequencies.
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TYPE: HOLLOW GYPSUM BLOCK, RESILIENT ONE SIDE, PLASTER BOTH S/DES

TEST REF: (a) 7-(TL 60-127); (b) 3-(314); (c) 5-(Fig. 6)

DESCRIPTION: (a) 3- by 12- by 30-in, hollaw gypsum blocks with 1/2-in, mortar

joints. On one side, 3/8-in, gypsum lath attached with resilient clips

stapled 16 in. on centeri to blocks, 1/2-in, sanded gypsum plaster with white-

coat finish; on the other side, 5/8-in, sanded gypsum plaster with white-coat

finish.

Total thickness:
approximately 5 1/4 in.

Area weight: 21.7 lb/ft2

(b) Similar to (a) except plaster on non-resilient side was

1/2 in. thick.

Total thickness: approximately 5 1/8 in.

Area weight: 24 lb/ft
2

(c) Similar to (b) except measurements were conducted in the field.

Total thickness: approximately 5 1/8 in.

Area weight: approximately 24 ib/ft
2

(Not specified in reference)

RERJ123: The STC value of panel (b) is based upon nine test frequencies.
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TYPE: HOLLOW GYPSUM BLOCK, GYPSUM LATH AND RESILIENT CLIPS ONE SIDE

TEST REF: 9-(8-1090072e)

DESCRIPTION: 4- by 12- by 30-in, hollow gypsum blocks isolated around

perimeter with 1/2-in.-thick continuous resilient gaskets. On one side,

3/8-in. gypsum lath attached with resilient clips 16 in. on centers, 1/2-in.

sanded gypsum plaster with white-coat finish applied to lath; on the other

side, 5/8-in, sanded gypsum plaster with white-coat finish applied directly

to gypsum blocks. The 1/4-in, clearance around the perimeter closed with

a non-setting resilient caulking compound.

Total thickness: 6 in.

Area weight: 24.1 lb/ft2

STC 47; Fire Rating: 4 hrs,

REMARKS: The above test was conducted in the field. One adjoining wall

was plastered masonry and the other was a stud wall with 1/2-in. gypsum lath

and 1/16-in, plaster finiah coat.
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TYPE: HOLLOW GYPSUM BLOCK, FURRING STRUT AND RESILIENT CLII'S ONE SIDE

TEST REF: 9-(8-10900720

DESCRIPTION: 3- by 12- by 30-in, hollow gypsum blocks isolated around

perimeter with 1/2-in.-thick continuous resilient gaskets. On one side,

2- by 2-in, wooden furring strips wire-tied horizontally 16 in. on centers

to gypsum blocks. 1 1/2-in.-thick mineral fiber blankets stapled between

furring strips. 3/8-in, plain gypsum lath held by resilient clips nailed to

the furring strips; 1/2-in, sanded gypsum plaster with white-coat finish

applied to lath. On other side, 5/8-in, sanded gypsum plaster with white-

coat finish applied directly to gypsum blocks. The 1/4-in, clearance around

perimeter closed with a non-setting resilient caulking compound.

Total thickness: 7 in.

Area weight: 22.9 lb/ft2

STC 52; Fire Rating: 3 hrs. (est.)

MARKS: This test was conducted in the field. One adjoining wall was

plastered masonry and the other was a stud wall with 1/2-in, gypsum lath and

1/16-in, plaster finish coat.
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TYPE: HOLLOW CONCRETE

TEST REF: 1-0280)

DESCRIPTION: Precast concrete hollow wall panels with in situ concrete posts

ani beams. The panels have 1 1/2-in.-thick concrete shells with a 6 1/4-in.

airspace between them. A 1/2-in.-thick layer of fiberboard is adhered to the

exposed surfaces of the panel.

Total thickness: approximately 10 1/4 in.

Area weight: 37 lb/ft2

MUMS: The plotted curve is the average of rasults of field measurements

of two nominally identical structures. The shaded area indicates the spread

of the measurements.

STC 43, Fire Rating: Not available
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TYPE: DOUBLE BRICK WALL - 2-in. CAVITY

TEST REF: (a) 1-(S219, S220); (b) 1-(S221)

DESCRIPTION: (a) Double wall with 4 1/2-in.-thick brick leaves separated by

a 2-in. cavity (wire ties between leaves); 1/2-in, plaster on exposed sides.

(b) Similar to (a), without wire ties between the leaves.

Total thickness: 12 in.

Area weight: 100 lb/ft2

MIMS: The plotted curves are the average values of field measurements

of three nominally identical structures of type (a) and two structures of

type (b). The shaded areas indicate the spread of the measurements.

(a)41004001M41t014STC = 49; Fire _alting: over 4 hrs.

(b)4MmormismwmmtSTC = 54
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TYPE: DOUBLE BRICK WALL - 6-in. CAVITY

TEST REF: 1-(S287)

DESCRIPTION:Double wall with 4 1/2-in.-thick brick leaves, 6-in. cavity (no (..,)

ties); on exposed sides, 1/2-in, plaster on 1-in.-thick wood-wool slabs

mortared to the brick walls.

Total thickness: 18 in.

Area weight: 120 lb/ft2

REMARKS: The plotted curve is the result of field measurements on one

structure.

STC m 62; Fire Rating: over 4 hrs.
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TYPE: DOUBLE CLAY BLOCK WALL - 2 1/2-in. CAVITY

TEST REF: 1-(S273)

DESCRIPTION: Double wall: 4 1/4-in.-thick hollow clay block leaves, 2 1/2-in.

cavity, (wire ties between leaves); 1/2-1n. plaster on each side.

Total thickness: 12 in.

Area weight: 50 lb/ft2

REMAJULS: The plotted curve is average of the results of field measurements

of two nominally identical structures. The shaded area indicates the spread of

the measurements.

STC = 43; Fire Rating: 3 hrs. (est.)
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TYPE: DOUBLE CLINKER BLOCK WALL - 2-in. CAVITY

TEST REF: 1-(S245)

DESCRIPTION: Double wall with 4-in.-thick clinker block leaves, 2-in. cavity,

(no ties between leaves) 1/2-in, plaster on exposed sides.

Total thickness: 11 in.

Area weight: 70 lb/ft2

REMARKS: The plotted curve is the average result of field measurements of

four nothinally identical structures. The shaded area indicates the spread of

the data.

STC = 52; Fire Rating: over 4 hrs.
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TYPE: DOUBLE.WALL - CONCRETE PANEL AND CLINKER BLOCK

-) TEST REF: 1-(S282)

DESCRIPTION: Double wall consisting of approximately 2-in.-thick concrete panels

mounted on 2- by 4-in, reinforced concrete posts spaced 18 in. on centers with

inner leaves of 2-in.-thick clinker block; a 2-3-in, cavity between inner

leaves. 1/2-in.-thick plaster coat on the exposed surfaces.

Total thickness: 19 in.

Area weight: 80 lb/ft
2

STC = 60; Fire Rating: over 2 hrs. (est.)

REMARES: The plotted curve represents the average of field measurements

of two nominally identical structures. The shaded area indicates the spread

of the measurements.
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TYPE: WOODEN STUD, GYPSUM WALLBOARD

TEST REF: 12-(Fig. 8.2); 2-(224, 234)

DESCRIPTION: 2- by 4-in, wooden studs 16 in. on centers; on each side 1/2-in.

gypsum wallboard nailed to studs; all joints taped and finished.

Total thickness: approximately 5 in.

Area weight: approximately 6 lb/ft2

STC = 39; Fire Rating: 1/2 hr. - combustible

-STC = 38

STC = 37

RIMARKS: The STC values for structures from reference No. 2 are based

upon nine test frequencies.
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TYPE: WOODEN STUD, GYPSUM BOARD WITH LEAD

TEST REF: (a) 12-(Fig. 8.2), 2-(224, 234); (b) 16-(Fig. 4); (c) 16-(Fig. 4)

DESCRIPTION: (a) 2- by 4-in, wooden studs 16 in. on centers, 1/2-in. gypsum

wallboard nailed to each side. All joints taped and finished.

Total thickness: 5 in.

Area weight: approximately 6 lb/ft2

(b) Similar to (a) except a layer of lead, 2.95 lb/ft2, was

laminated to each side of prnel.

(c) Similar to (a) except a layer of lead, 6.74 lb/ft2, was

lmminated to one side of panel.

Total thickness: approximately 5 1/8 in.

Are& weight: approximately 12.5 lb/ft2

(a) STC = 39; Fire Rating: 1/2 hr. - combustible

(b) STC = 47; Fire Rating: 1/2 hr. - combustible

(c) STC = 48; Fire Rating: 1/2 hi. - combustible

Fammus: The STC value for structure (a) is bitsed upon STL levels at

nine frequencies.
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TYPE: WOODEN STUD, GYPSUM BOARD

TEST REF: 3 -(240)

DESCRIPTION: 2- by 4-in, wooden studs 16 in. on centers attached to 2- by 4-in.

wooden floor and ceiling plates, 5/8-in. tapered-edge gypsum wallboard nailed

7 in. on centers to both sides of studs. All joints taped and finished.

Total thickness: 5 1/4 in.

Area weight: 7.2 lb/ft
2

STC = 36; Fire Rating: 1 hr. - combustible
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TYPE: WOODEN STUD, GYPSUM LATH AND PLASTER

TEST REF: (a) 2-(148, 149) 3-(251); (b) 3-(239)

DESCRIPTION: (a) 2- by 4-in, wooden studs 16 in. on centers attached to 2- by

4-in, wooden floor and ceiling plates, 3/8-in. gypsum lath nailed to studs on

both sides, 1/2-in, sanded plaster with white-coat finish.

Total thickness: 5 3/4 in.

Area weight: 13.4-15.7 lb/ft2

(b) Similar to (a) except the gypsum lath was perforated.

Total thickness: 5 3/4 in.

Area weight: 14.2 ibat
2

(a) STC = 46; Fire Rating: 45 min. - combustible

(b) .STC = 44; Fire Rating: 1 hr. - combustible

REURKS: The plotted curve (a) is the average of tests of three nominally

identical walls. The STC value of curve (a) is based upon nine test frequencies.
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TYPE: WOODEN STUD, LATH AND PLASTER W/TH LEAD

TEST REF: (a) 2-(148, 149), 3-(251); (b) 16-(Fig. 6); (c) 16-(Fig. 6)

DESCRIPTION: (a) 2- by 4-in, wooden studs 16 in. on centers, 3/8-in. gypsum

lath nailed to studs on both sides, 1/2-in, sanded plaster with white-coat

finish.

Total thickness: 5 3/4 in.

Area weight: 13.4-15.7 lb/ft
2

(b) Similar to (a) except a 0.065-in.-thick layer cf lead weighing

3.85 lb/ft
2 was laminated to each side of panel.

(c) Shnilar to (a) except a 0.13-in.-thick layer of lead weighing

7.9 lb/ft
2
was laminated to one side of panel.

Total thickness: approximately 5 7/8 in.

Area weight: 17-19 lb/ft2

(a) STC w 46; Fire Rating: 45 min. - combustible

(b) -STC = 47; Fire Rating: 45 min. - combustible

(c) STC = 46; Fire Rating:. 45 min. - combustible

REMARKS : The STC value of curve (a) is based upon nine test frequencies.
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TYPE: WOODEN STUDS, GYPSUM WALLBOARD

TEST REF. (a) 2-(225); (b) 3-(241)

DESCRIPTION: (a) 2- by 4-in, wooden studs 16 in. on centers; on each side two

layers of 3/8-in. gypsum wallboard cemented together; joints in exposed surfaces

taped and finished.

Total thickness: 5 1/2 in.

Area weight: 8.2 lb/ft2

(b) Similar to (a), except that the gypsum wallboard was 5/8 in.

thick, and the first layer was nailed 7 in. on centers and the second layer 14 in.

on centers; joints in exposed surfaces taped and finished.

Total thickness: 6 1/2 in.

Area weight: 12.9 lb/ft
2

(a) STC m 40; Fire Rating: 1 hr. - combustible

(b) STC 41; Fire Rating: 1 1/2 hrs. (est.) - combustible

RUARKS4 The STC value of curve (a) is based upon nine test frequencies.
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TYPE: WOODEN STUD, FIBER BOARD, PLASTER

TEST REF: 2-(205)

DESCRIPTION: 2- by 4-in, wooden studs 16 in. on centers, 1/2-in, wood fiber

board nailed 3 in. on centers along edges of fiber board to studs, 1/2-in.

sanded gypsum plaster on both sides.

Total thickness: 6 in.

Area weight: 12.6 lb/ft
2

STC 42; Fire Rating: 1/2 hr. - combustible

MARKS: The STC is based upon nine test frequencies.
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TYPE: STAGGERED WOODEN STUD, 01051/4 BOARD

TEST REF: (a) 3-(242); (b) 3-(243)

DESCRIPTION: (a) 2- by 3-1u, wooden studs 16 in. on centers, staggered 8 in.

on centcro, attached to 2- by 4-in, wooden nlates at ceiling and floor; 1/2-in.

gypsum vallboard nailed 7 in, on centers op both sides to studs. All Joints

taped and finiihed.

Total thickness: 5 in.

Area weight: 6.2 lb/ft
2

(b) Similar to (a) except the gypsum wallboard tots 5/8 in. thick.

Total thickness: 5 1/4 in.

Area.weight: 7.7 lb/ft2

(a) STC 44; Fire Rating: 1/2 hr. (est.) - combustible

(b) 0011110111.11MWDOININIMIll STC 44; Fire Rating: 45 min. (est.) - combustible
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TYPE: STAGGERED WOODEN STUD, (a) GYPSUM BOARD (b) LATH AND PLASTER

TEST REF: (a) 3-(244); (b) 3-(245)

DESCRIPTION: (a) 2- by 3-in, wooden studs 16 in. on centers, staggered 8 in.

on centers (attached to 2- by 4-in, wooden plates at floor and ceiling); two

layers of 5/8-in, tapered-edge gypsum wallboard, first layer nailed 7 in. on

centers, second layer nailed 16 in. on centers. All exposed joints taped

and finished.

Total thickness: 6 1/2 in.

Area weight: 13.4 lb/ft2

(b) Similar to (a) except the wall was constructed with 3/8-in.

perforated gypsum lath and 1/2-in, sanded gypsum plaster with white-coat

finish.

Total thickness: 5 3/4 in.

Area weight: 15.6 lb/ft2

(a) STC m 44; Fire Rating: 1 1/2 hrs. (est.) - combustible

(b) STC al 43; Fire Rating: 1 hr. (est.) - combustible
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TYPE: STAGGERED WOODEN STUD, GYPSUM LATH AND PLASTER

TEST REF: (a) 3-(237); (b) 3-(238)

DESCRIPTION: (a) 2- by 4-in. wooaen studs 16 in. on centers staggered 8 in. on

centcxs and offset 1/2 in. On each side 3/8-in. gypsum lath nailed te *tads,

1/2-in. gypsum vermiculite plaster, machine-applied, and a hand-appll..., wnite-

coat finish.

Total thickness: 6 1/4 in.

Area weight- 11.1 lo/ft
2

(b) Same as (a) except the space between the studs contained

vermiculite fill with a density of 6.3 lb/ft
3

.

Total thickness: 6 1/4 in.

Area weight: 12.8 lb/ft
2
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TYPE: STAGGERED WOODEN STUD, GYPSIM BOARD WITH INSULATION

TEST REF: 2-(236)

DESCRIPTION: 2- by 4-in, wooden etuds 16 in, on centers, staggered 8 in, on

centers, attached to 2- by 4 3/4-in, wooden floor and ceiling plates; 1/2-in.

gypsum wallboard nailel on both sides to studs, 0.9-in, wood-fiber wool

blanket stapled on the inside of one side of the wall. All joints taped

and finished.

Total thickness: 5 3/4 in.

Area weight: 13.8 lb/ft
2

REMARKS: The STC value is based upon ntne test frequencies.

STC El 46; Fire Rating: 1/2 hr. (est.) - combustible
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TYPE: SLOTTED WOODEN STUD, PLASTERED GYPSUM LATH WITH INSULATION

TEST REF: 7-(TL 62-348)

DESCRIPTION: 2- by 4-in, slotted wooden studs 16 in. on centers attached to

2- by 4-in, wooden floor and ceiling plates, 3/8-in. gypsum lath nailed 7 in.

on centers to studs, 1/2-in. gypsum plaster with white-coat finish applied to

both sides. 3-in, mineral fiber batts stapled between studs.

Total thickness: 5 3/8 in.

Area weight: 14.2 lb/ft2

STC - 45; Fire Rating: 1 hr. (est.) - combustible
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TYPE: WOODEN STUD, RESILIENT CHANNELS, GYPSUM BOARD

TEST REF (a) 7-(TL 60-52); (b) 7(b)-(TL 61-10)

DESCRIPTION' (a) 2- by 4-in, wooden studs 16 in. on centers attached to 2- by

4-in, wooden floor and cEiling plates, resilient channels nailed horizontally

to both sides of studs 24 in. on centers, 5/8-in. gypsum wallboard screwed

12 in. on centers to channels. All joints taped and finished.

Total thickness: 6 1/4 in.

Area weight: 6.7 lb/ft

(b) Similar to (a) except an additional layer of 1/2-in. gypsum

wallboard was laminated to 5/8-in. gypsum wallboard on one side.

Total thickness: 6 3/4 in.

Area weight: approximately 9 lb/ft2 (Not specified in reference)

(a) STC 47; Fire Rating: 1 hr. (est.) - combustible

(b) STC 48; Fire Rating: 1 hr. (est.) - combustible
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TYPE: WOODEN STUD, PUSTERED GYPSUM LATH WITH RESILIENT CLIPS

TEST REF: (a) 3-(439); (b) 7-(TL 60-20)

DESCRIPTION: (a) 2- by 4-in, wooden studs 16 in. on centers; resilient cli?s,

nailed to studs on both sides, held 3/8-in, gypsum lath, 1/2-in, sanded

gypsum plaster with white-coat finish.

Total thickness:
approximately 6 1/2 in.

Area weight: 14.4 lb/ft
2

(b) Similar to (a) except different resilient clips were used.

Total thickness:
approximately 6 1/2 in.

Area weight: 14.1 lbift2
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TYPE: WOODEN STUD, PLASTERED GYPSUM LATH WITH RESILIENT CLIPS

TEST REF: (a) 2-(420); (b) 2-(421); (c) 2-(422); (d) 2-(423)

DESCRIPTION: (a) 2- by 4-in, wooden studs 16 in. on centers; resilient clips,

nailed to studs on both sides, held 3/8-in, plain gypsum lath, 1/2-in. sanded

gypsum plaster with white-coat finish.

(b) Similar ro (a) except a.less resilient clip was used.

(c) Similar to (a) except the least resilient clip of the three

was used.

Total thickness: approximately 6 1/2 in.

Area weight: 13.1 lb/ft2

(d) Same as (a) except perforated gypsum lath and perlite aggre-

gate plaster were used.

Total thickness: approximately 6 1/2 in.

Area weight: 11.9 lb/ft2

(a) STC = 52

(b) STC 51

(c) ---STC= 50
(d)-----------STC= 53

REMARKS: The STC values for the above panels are based upon nine test

frequencies.
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TYPE: STEEL TRUSS STUD, METAL LATH.AND PLASTER

TEST REF: (a) 2-(166A); (b) 2-(1668); (c) 2-(229)

DESCRIPTION: (a) 3 1/4-in. steel truss studs, 16 in. on centers; on both sides

diamond mesh umtal lath wire-tied to studs, 7/8-in, sanded gypsum plaster.

Total thicknese: 5 1/4 in.

Area weight: 19.6 lb/ft2.

(b) Similar to (a) except the space between the studs was packed

with mineral wool batts with a density of 5.2 itqft3.

Total thickness:. 5 1/4 in.

Area weight: 21.1 lb/ft2

(c) Similar to (a) except the sanded gypsum plaster was 3/4 in.

thick.

Total thickness: 5 in.

Area weight: 19.1 lb/ft2

(a)

(b)

STC 39; Fire Rating: 1 1/4 hrs.

STC 39; Fire Rating: 1 1/2 hrs. (est.)

(c) STC m 41; Fire Rating: 1 hr.

RAMMRKS: The STC value, are based upon nine test frequencies.
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TYPE: STEEL TRUSS STUD, LATH AND PLASTER WITH LEAD

TEST REF: (a) 16-(Fig. 7); (b) 16-(1l'ig. 7); (c) 16-ktig. 7)

DESCRIPTION: (a) 1 5/8-in, steel truss studs; 3/8-in. gypsum lath, 1/2-in.

plaster on both sides.

Total thickness: 3 3/8 in.

Area weight: 12.3 lb/ft2

(b) Similar to (a) except a layer of lead, 2.95 lb/ft
2
, was

laminated to one side of partition.

Total thickness: approximately 3 1/2 in.

Area weight: 15.2 lb/ft2

(c) Similar to (a) except a layer of lead, 2.95 lb/ft
2
, was

laminated to each side of partition.

Total thickness: approximately 3 1/2 in.

Area weight: 18.2 lb/ft2

REMUTO: Stud spacirg not specified in reference.

(a) STC m 41; Fire Rating: 45 min. (est.)

43; Fire Rating: 45 min. (est.)

(c) STC = 48; Fire Rating: 45 min. (est.)
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TYPE: STEEL "SS STUD, GYPSUM LATH AND PLASTER

TEST REF: (a) 2-(424); (b) 2-(433, 434); (c) 2-(437)

DESCRIPTION: (a) 3 1/4-in. steel truss studs 24 in. on centers attached to

metal floor and ceiling tracks; on both sides 3/8-in, perforated gypsum lath

attached with wire clips wire-tied to s'mds, 1/2-in, sanded gypsum plaster.

Total thickness:

Area weight: 15.

(P)

centers were used

Tots./ thickness:

Area weight: 14

(c)

5 in.

7 lb/ft2

Similar to (a) except 2 1/1 in. steel truss studs 16 in. on

4 1/4 in.

lb/ft2

Similar to (b) except that 5/8-in. perlite gypsum plaster

was used.

Total thickness:

Area weight: 11

(a) -------- STC

4 1/2 in.

.7 lb/ft2

STC is
is 51 (b)

(c) STC 42
47

REMARKS : The STC values are based upon nine test frequencies. The

plotted curve, (b), represents the average of laboratory tests of two

nominally identical structures.
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TYPE: STErL TRUSS STUD, GYPSUM LATH AND LIGHTWEIGHT PLASTER

TEST REF: (a) 3-(438); (b) 4-(Fig. 13.41)

DESCRIPTION: (a) 2 1/2- by 1/2-in, steel studs spaced 16 in. on centers.

Galvanized wire clips, attached to studs on both sides, held 3/8-in. gypsum

lath, 7/16-in, gypsum vermiculite plaster and 1/16-in, white-coat finish.

(Laboratory measurements)

(b) Similar to (a) except gypsum perlite plaster was used and

the construction was tested in the field.

Total thickness: 4 1/4 in.

Area weight: 9 lb/ft2

(a) FTC = 38; Fire Rating: 45 min. (est.)

(b) STC = 37; Fire Rating: 45 min. (est.)

REMARKS: The STC value of curve (a) is based upon nine test frequencies.
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TYPE: STEEL TRUSS STUD, DOUBLE LAYER GYPSUM BOARD

TEST REF: 3-(247)

DESCRIPTION: 3 1/4-in, steel truss studs, 16 in. on centers, attached to top and

bottom by stud shoes, starter clips, and stud tracks; 3/8-in. gypsum wallboard

(backer board) clipped to studs with galvanized wire clips; edges of wallboard

held together by galvanized steel clips; 3/8-in. gypsum wallboard laminated to

the inner layer with joint cement.

Total thickness: 4 3/4 in.

Area weight: 7.5 lb/ft2

STC - 48; Fire Rating: 1 hr. (est.)
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TYPE: STEEL TRUSS STUD, RESILIENT CLIPS ONE SIDE, GYPSUM LATH AND PLASTER

TEST REF: 7(a)-(Ti. 60-128)

DESCRIPTION: 3 1/4-in, steel truss studs 16 in. on centers. 3/8-in. gypsum

lath attached on one side ceth resilient clips, and to the cther sicle with

galvanized wire clips; 1/2-in, sanded gypsum plaster applied to both sides.

Total thickness: 5 1/2 in.

Area weight: 13 lb/ft2

STC m 43; Fire Rating: 45 min. (est.)

RITIARKS: The STC value is based upon nine test frequencies.
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TYPE: STEEL TRUSS STUD, PLASTER/ID GYPSUM LATH, RESILIENT CLIPS ONE SIDE

TEST REF: 9-(8-1090072b)

DESCRIPTION: 3 1/4-in, steel trues studs 16 in. on centers set into floor and

ceiling tracks. Tracks isolated at floor and ceiling with 1/2-in.-thick

continuous resilient gaskets. Floor track attached 24 in. on centers to

concrete slab. On one side, 3/8-in. gypsum lath attached with resilient

clips 16 in. on centers, 1/2-in, sanded gypsum plaster with white-coat

finish applied to lath; on the other side, the gypsum lath was attached

with galvanized wire clips. 2-in, mineral fiber blankets stapled between

studs on non-resilient side. The 1/4-in, clearance around the perimeter

closed with a non-setting resilient caulking compound.

Total thickness: 5 1/2 in.

Area weight: 12.3 lb/ft2

STC m 47; Fire Rating: 1 hr. (est.)

BMW: The above test was conducted in the field. One adjoining wall

was constructed of 1 5/8-in, metal channel studs, 1/2-in, gypsum lath and

finish coat of plaster; the other wall was 5/8-in, plaster on masonry.
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TYPE: STEEL TRUSS STUD, PLASTERED LATH WITH RESILIENT CLIPS

TEST REF:' 7(a)-(TL 61-9)

DESCRIPTION: 1 5/8-in, steel truss studs 16 in. on centers; on both sides

3/8-in. gypsum lath attached with resilient clips to studs, 1/2-in, sanded

gypsum plaster applied to lath.

Total thickness: 4 1/8 in.

Area weight: 13 lb/ft
2

STC = 43; Fire Rating: 45 min. (est.)

FINGOW: The STC value is based upon nine test frequencies.
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TYPE: STEEL TRUSS STUD, PLASTERED GYPSUM LATH WFTH RESILIENT CLIPS

TEST REF: 5-(Figs. 2,3,4)

DESCRIPTION: (a) 2 1/2-in, steel truss studs 16 in. on centers, 3/8-in.

gypsum lath attached with resilient clips to studs, :./2-in -oaster applied

to both sides.

(b) Similar to (a) except measurements ..Jeted in the

field. The shaded area indicates the spread of the of three

nominally identical structures, and the broken line indicates the average

of these masurements.

Total thickness: 5 1/4 in.

Area weight: approximately 13 lb/ft
2

(Not specified in reference)

(a)- STC 45. 'ite Rating: 45 min. (est.)

(b).....~0.w.www*STC gs 44
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TYPE: STEEL TRUSS STUD, PLASTERED GYPSUM LATH WITH RESILIENT CLIPS

TEST REF: (a) 9-(1090071a); (b) 9-(1090071b)

DESCRIPTION: (a) 2 1/2-in, steel truss studs 16 in. on centers Jet into floor

and ceiling tracks. Tracks isolated at floor and ceiling with 1/4-in.-thick

continuous resilient gaskets. Floor track attached 24 in. on centers to

concrete slab. 3/8-in, perforated gypsum lath attached 16 in. on centers to

both sides of studs with resilient clips; 1/2-in, sanded gypsum plaster with

white-coat finish applied to lath. The 3/16-in, clearance around perimeter

closed with a non-setting renilient caulking compound. One face of the wall

primed with a pigmented sealer and the other face with shellac.

(b) Similar to (a) except latex applied over pigmented sealer

and vinyl over shellac.

Total thickness: 5 in.

Area weight: 13.0 lb/ft2

STC = 47; Fire Rating: 1 hr.

STC = 48

REMARKS: The above tests were conducted in the field.
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TYPE: STEKL TRUSS STUDS, RESILIENT CLIPS, METAL LATH AND PLASTER

TEST REF: 2-(429)

DESCRIPTION: 3 lii,-in. steel truss studs 16 in. on centers; on each side

resilient clips fastened 16 in. on centers to studs, 1/4-in, metal rod wire-

tied to clips, diamond mesh metal lath wire-tied to metal rods, 3/4-in, sanded

gypsum plaster.

Total thickness: 5 in.

Area weight: 19.0 lb/ft
2

STC = 54; Fire Rating: 1 hr.

REMARKS: The STC value is based upon nine test frequencies.

707-v--r-v-r--TVTTirl'-i'VTITT-7

60a
-0

cn
cn0
-1 50z0
in
v)

3E
v)
z 40a
crI-
cez=o
v) 30

lim

O

al

mg

oil

r
r
rf
00

r
MO

ir
loor

PO

NM

NO

I.
Imo

MD

r
r
..1

r
or
r
..
al

a

r
r
rim
r
No

No

..

.11

I.
I.
Imo

NM

20
125

I A I I A I

""

mr

"
I A I LAI IAI "4

250 500 IK 2K 4K

FREQUENCY, Hz

W-52



TYPE: STEEL TRUSS STUD, RESILIENT CLIPS, GYPSUM LATH AND PLASTER

TEST REF: 9-(8-109007Ac)

DESCRIPTION:3 1/4-in. bteel truss studs 8 in. on centers set into metal

ceiling track with shoals wire-tied and metal "snap in" floor track attached

24 in. on centers to concrete floor. Both tracks set on 1/2-in, resilient

gaskets. On both sides 3/8-in, gypsum lath, caulked at ceiling and floor,

attached 16 in. on centers to alternate studs with resilient clips; 1/2-in.

sanded gypsum plaster with finish coat. 2-in, mineral fiber blanket stapled

between studs to lath on one side. The entire periphery was caulked with a

non-setting resilient compound.

Total thickness: 5 3/4 in.

Area weight: 12.6 lb/ft2

STC = 48; Fire Rating: 1 hr. (est.)

REMARKS: This test was conducted in the field. One adjoining wall was

constructed with 1 5/8-in, metal channel studs, 1/2-in, gypsum lath and

finish coat; the other wall was 5/8-in, plaster on masonry.
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TYPE: METAL CHANNEL STUD, GYPSUM BOARD

TEST REF: (a) 7-(TL 64-132, 133, 134, 135); (b) 7-(TL 64,-29)

DESCRIPTION: (a) 1 5/8-in. metal channel studs 24 in. on centers attached

to metal floor and ceiling runners, 1/2-in. gypsum wallboard screwed 12 in.

on canters to both sides of studs. All joints taped and finished.

Total thickness: 2 5/8 in.

Area weight: 4.6 lb/ft2

(b) Similar to (a) except the gypsum wallboard was 5/8 in.

thick.

Total thickness: 2 7/8 in.

Area weight: 3.2 lb/ft2

(a) STC = 39; Fire Rating: 1/2 hr. (est.)

(b) STC = 38; Fire Rating: 1 hr.

MUMS: The plotted curve, (a), shows the average value of four

laboratory measurements of the same structure under four different conditions

of relative humidity (287. - 927.) in the source room. The relative humidity

in the receiving room held constant at 557.
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TYPE: METAL CHANNEL STUD, GYPSUM BOARD

TEST REF: (a) 7(b)-(TL 59-99); (b) 7-(TL 60-113)

DESCRIPTION: (a) 3 518-in. metal channel studs 24 in. on centers set into

3 5/8-in, metal floor and ceiling runners; 5/8-in. gypsum wallboard screwed

to studs on both sides. All joints taped and finished.

Total thickness: 4 7/8 in.

Area weight: approximately 6 lb/ft
2

(Not specified in reference)

(b) Similar to (a) except an additional layer of 5/8-in. gypsum

wallboard was laminated to both sides of panel

Total thickness: 6 1/8 in.

Area weight: 11.4 lb/ft
2

(a) STC = 41; Fire Rating: 1 hr.

(b) STC = 47; Fire Rating: 2 hrs.

REMARKS: The spacing of the screws not specified in reference.
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TYPE: METAL CHANNEL STUD, TWO LAYERS GYPSUM BOARD

TEST REF: 9-(7-1152002a)

DESCRIPTION: 3 5/8-in, metal channel studs 27 3/4 in. on centers set into

metal floor and ceiling tracks; stud at each adjoining wall and metal runners

set on beads of non-setting resilient caulking compound. Two layers of 1/2-in.

gypsum wallboard attached to both sides of studs; each layer screwed 12 in.

on centers with screws staggered 6 in. in reference to each other. Joints of

gypsum board staggered 24 in. with all expored joints taped and finished. The

1/4-in, perimeter clearance around both layers closed with a non-setting

resilient caulking compound.

Total thickness: 5 5/8 in.

Area weight: 8.7 lb/ft
2

STC = 47; Fire Rating: 1 1/4 hrs. (est.)

D REMARKS :
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TYPE: MFTAL CHANNEL STUD, FIBER BOARD, GYPSUM BOARD

TEST REF: 9-(1057c1)

DESCRIPTION: 3 5/8-in, metal channel studs 12 in. on centers. Top,

bottom and side channels isolated from concrete floor and ceiling with a

resilient caulking compound. 1/2-in, mineral fiber board screwed 24 in.

on centers to alternate studs on both sides such that both faces were not

screwed to the same stud. 1/2-in. gypsum wallboard laminated and screwed

8 in. on centers along panel periphery and 12 in. on centers in field;

lamination strips offset from screws. All exposed joints taped.and finished.

Total thickness: 5 5/8 in.

Area weight: 6.2 lb/ft
2

STC = 50; Fire Rating: 1 1/2 hrs. (est.)

REMARKS: The above test was conducted in the field with as many flank-

ing paths as possible eliminated.

rr"V-1,11-rWr

60

50

0

30

207

-
...

I v I i v 1 1 v

...
ono
so

m
me

-...
mu.

.I
em

...
WO
No

IN,

-
-

=MI
eN.
a

la

0..

PIM

IM

NO

II.

.
MI.

MN

.
al

MI

-..
MO..
No

I AI lAl _ 1/1_ I Al IA I

...
-

OM
0
MI

NI

"4

125 250 500 IK 2K 41

FREQUENCY, Hz

W-57

JA V 07.1nr. Wk. .reb 'rj 11-1 dPt 114. "-Mk. M13 - .

0:e0AAAAA0WWWWWWWWWWVWWWWWWWWWWWWWVW



TYPE: METAL CHANNEL STUD, FIBER BOARD, GYPSUM BOARD

.TEST REF: (a) 9-(109006b); (b) 9-(109006b1)

DESCRIPTION: (a). 3 5/8-in, metal channel studs 24 in. on centers set into

floor and ceiling metal runner tracks; stud at each adjoining wall and metal

runner tracks set on two beads of non-setting resilient caulking compound.

1/2-1n, mineral fiber board screwed 24 in. on centers to both sides of studs,

5/8-in. gypsum wallboard laminated to fiber board using joint compound,

spread so as to misi al is falling on studs; I 5/8-in. screws, 12 in. on

centers, set through both. layers to studs during lamination. All exposed

joints taped and finished. The 1/4-in. perim clearance around both

layers-closed with a non-setting resilient ca- compound. The partition

vas tested 98 hours after erection.

(b) Same as (a) but tested 243 hours after erection.

Total thickness: 5 7/8 in.

Area weight: 7.0 lb/ft2

(a) STC = 50; Fire Rating: 2 hrs. (est.)

(b). STC 47

REMARKS: The above tests were conducted in the field.
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TYPE: METAL CHANNEL STUD, FIBER BOARD, GYPSUM BOARD

TEST REF: 9-(1057b1)

DESCRIPTION: 3 5/8-in, metal channel studs 24 in. on centers. Top, bottom

and 04'e channels isolated from concrete floor and ceiling with a resilient

caulk's% compound. 1/2-in, mineral fiber board screwed 24 in. on centers

to each side. On one side, 1/2-in, gypsum wallboard laminated and screwed

8 in. on centers along panel periphery and 12 in. on centers in field;

lamination strips offset from screws. On other side, two layers of 1/2-in.

gypsum wallboard, both attached in same manner as above. All exposed joints

taped and finished.

Total thickness: 6 1/8 in.

Area weight: 8.2 lb/ft2

STC = 52; Fire Rating: 1 1/2 hrs. (est.)

REMARKS: The above test was conducted in the field with as many flank-

ing paths as possible eliminated.
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TYPE: METAL CHANNEL STUD, GYPSUM BOARD WITH INSULATION

TEST REF: 7-(TL 63-127)

DESCRIPTION 2 1/2-in, metal channel studs 24 in. on centers set in 2 1/2-in.

metal floor and ceiling runners; 1/2-in, vinyl-coated gypsum wallboard

adhesively attached and screwed to studs on both sides. All joints sealed

,..ith caulking compound. Aluminum batten strips screwed 12 in. on centers to

gypsum board at joints; top and bottom finished with aluminum ceiling and

base trim. 2-in, mineral fiber blankets hung between studs.

Total thickness: 3 1/2 in.

Area weight: 5.4 lb/ft
2

STC = 50; Fire Rating: 1 hr.
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TYPE: METAL CHANNEL STUD, DOUBLE LAYER GYPSUM BOARD WIT% INSULATION

TEST REF: 9-(1068r)

DESCRIPTION: 2 1/2-in, metal channel studs 24 in. on centers set into metaL

floor and ceiling runners which were set on beads of non-setting resilient

caulking compound. Two layers of I/2-in, gypsum wallboard attached to both

sides of studs, both layers screwed 12 in. on centers with screws of each

layer staggered 6 in. relative to each other. 3 1/2-in.-thick glass fibered

blankets, 2 lb/ft
3

, stapled between studs. The 1/4-in, clearance around the

perimeter closed with a nm-setting.resilient caulking compound.

Total thickness: 4 1/2 in.

Area weight: 8.3 lb/ft2

JTC m 52; Fire Rating: 1 1/4 hr. (est.)
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TYPE: METAL CHANNEL STUD, GYPSUM BOARD WITH INSULATION

TEST REF: 9-(7-1131001a)

DESCRIPTION: (a) 3 5/8-in, metal channel studs 24 in. on centers set into

floor and ceiling runners; stud at each adjoining wall and metal runners

1,gt on beads of non...setting resIlient caulking compound. On both sides,

two layers of 5/8-in. gypsum wallboard; first layer screwed 12 in. on

centers midway between joints and 8 in. on centers along joints, second

layer glued to base layer with mastic spread so as to omit areas falling

on the studs, screws 24 in. on centers at joints only. 1 1/2-in, mineral

wool blankets, 3 lb/ft3, stapled between studs. The 1/4-in, clearance

around the perimeter closed with a non-setting resilient caulking compound.

All exposed joints taped and finished.

(b) Same as (a) except all possible flanking paths were

eliminated. TherftFore, the difference in sound transmission loss values

may be attributed tx, the presence of flanking paths through the exterior

window wall.

Total thickness: 6 1/8 in.

-,\ Area weight: 11.5 lb/ft2

(a) STC 45 (b) STC a 55; Fire Rating: 2 hrs.
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1

TYPE: METAL CHANNEL STUD, DOUBLE LAYER GYPSUM BOARD WITH INSULATION

TEST REF: 9-(109006a)

DESCRIPTION: 3 5/8-in, metal channel studs 24 in. on centers set into

3 5/8-in, metal runners which were attached through continuous beads of

non-setting resilient caulking compound to floor and ceiling respectively.

Two layers of 5/8-in, gypsum wallboard attached to both sides of studs;

first layer screwed 8 in. on centers at jo ats and 12 in. on centers in

field, second layer laminated and screwed 24 in. on centers to first layer

with joints staggered 24 inches. 1 1/2-in.-thick mineral fiber felt,

3 lb/ft3, stapled between studs. All exposed joints taped and finished.

The 1/4-1%. clearance around the perimeter closed with a non-setting

resilient caulking compound.

Total thickness: 6 1/8 in.

Area weight: 11.5 lb/ft2

STC 55; Fire Rating: 2 hrs. (eot.)

REMARKS: The above test was conducted in the field.
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TYPE: METAL CHANNEL STUD, TWO LAYERS GYPSUM BOARD

TEST REF: 9-(7-1152008a, 1121b)

DESCRIPTION: 3 5/8-in, metal channel studs 24 in. on centers set into metal

floor and ceiling tracks; stud at each adjoining wall and metal lunners set on

beads of non-setting resilieut caulking compound. Two layers of 5/3-in.

gypsum wallboard attached to both sides of studs; each layer screwed 12 in. on

centers with screws staggered 6 in. relative to each other. 1 1/2-in.-thick

fibered glass blankets stapled between studs. Joints of gypsum board

staggered 24 in. with all exposed joints taped and finished. The 1/4-in.

perimeter clearance around both layers closed with a non-setting resilient

caulking compound.

Total thickness: 6 1/8 in.

Area weight: 10.9-11.5 lb/ft2

STC = 52; Fire Rating: 2 hrs. (est.)

REMARKS : The plotted curve represents the average of field measurements

of two nominally identical stnictures.
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TYPE: METAL CHANNEL STUD, DOUBLE LAYER GYPSUM LATH WITH INSULATION

TEST REF: 9-(8-1090072a)

DLSCRIPTION: 2 1/2-in, metal channel studs 24 in. on centers set into metal

floor and ceiling runners which were attached 24 in. on centers. Runners

isolated at floor and ceiling with 1/2-in.-thick continuous resilient gaskets.

Two layers of 1/2-in. gypsum lath attached to both sides of studs; first layer

screwed 8 in. on centers at joints and 12 in. or centers in field, second

layer laminated and screwed 36 in. on centers at board edges and 48 in. on

centers in field with joints staggered 12 in. with respect to first layer.
4

2-in.-thick mineral fiber blankets, 2.5 lb/ft3, stapled between studs. 1/16-in.

finish coat of plaster applied to both sides of wall. The 1/4-in, clearance

around the perimeter closed with a non-setting resilient caulking compound.

Total thickness: 4 5/8 in.

Ares weight: 8.9 lb/ft2

STC 48; Fire Rating: 1 1/4 hrs. (est.)

AMMURKS: T;,.: above test was colducted in the field. One adjoining wall

was constructed with 1 5/8-in, metal channel etude, 1/2-in. gypsum lath and

finish coat of plaster; the other wall was 5/8-in, plaster on masonry.
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TYPE: METAL CHANNEL STUD, CORK, DOUBLE LAYER GYPSUM BOARD

TEST REF: 7-(TL 65-60)

DESCRIPTION: 2 1/2-in, netal channel studs 24 in. on centers set in 2 1/2-in.

metal floor and ceiling runners, 1/4- by 1-in, cork strips, 12 lb/ft3,

laminated vertically to studs; 5/8-in. gypsum wallboard screwed 12 in. on

centers through cork to studs on both sides. On one side, 1/4-in. cork,

12 lb/ft3, laminated to gypsum wallboard, and a second layer of 5/8-in.

gypsum wallboard laminated to cork. On the other side, a second layer of

5/8-in. gypsum wallboard laminated to the first layer. 1 1/2-in, glass

fibered blankets installed between studs. All exposed joints taped and

finished.

Total thickness: 5 3/4 in.

Area weight: 10.6 lb/ft2

STC m 53; Fire Rating: 1 1/2 hrs. (est.)

(U

60W

50

40:

30,

10

M

w
'WM
m
w
I.

r

lw

Im

0
Im.
ow

Ow

I*
M

I

-
-
Ns

Imo

0

:
r.

L
:

;

I

-

MIA
in
No

M
I.

AL 14 i
I AI lAl _ lAll

i125 250 500 IK 2K 41

FREQUENCY, Hz

W-66

-vh.N.

,



alla

TYPE: METAL CHANNEL STUD, GYPSUM BOARD WITH INSULATION, RESILIENT

TEST REF: 7-(TL 62-212)

DESCRIPTION: 3 5/8-in, metal channel studs 24 in. on centers set in 3 5/8-in.

metal.floor and ceiling runners; 5/b-in, gypsum wallboard screwed to studs

on both sides. On one side, resilient channels screwed horizontally 24 in.

on centers to inner layer; 5/8-in, gypsum wallboard screwed to channels.

On the other side, 5/8-In. gyprim wallboard laminated directly to inner

layer. 3-in, mineral fiber blankets hung between studs. All exposed joints

taped and finished.

Total thickness: 6 1/2 in.

Area weight: 11.3 ib/ft2

STC 51; Fire Rating: 2 hrs. (est.)
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TYPE: STAGGERED METAL CHANNEL STUD, GYPSUM BOARD WITH INSULATION

TEST REF: (a) 7-(TL 64-1); (b) 7-(TL 64-3)

DESCRIPTION: (a) Two rows of 2 1/2-in, staggered metal channel studs 24 in.

on centers attached.to 2 1/2-in, metal floor and ceiling runners separated

by 1/2-in. gypsum wallboard screwed 12 in. on centers to both sets of studs;

1/2-in. gypsum wallboard screwed 6 in. on centers at board joints and

adhesively attached to intermediate studs on both sides of wall. 2-in.

mineral fiber felt hung between studs on both sides. All exposed joints

taped and finished.

Total thickness: approximately 7 in.

Area weight: 7.2 lb/ft2

(b) Similar to (a) except the wall yes painted.

Total thickness: approximately 7 in.

Area weight: 7.4 lb/ft2

(a)
STC = 54; Fire Rating: 1 1/4 hrs. (est.)

(b) STC = 52

IV

60

50

.
a

NM-
im

o
a

iv! IVI IVI IV. IVI i
a
al.

lowl

a
a
..,

a

,
.
.
No

OW
IM-.

.

a.
ir.

.

.-
at

S A -,
II 0- .
%. .

ow-
O.

Ms-
a

"Illeemda411selim.1119
. .

0
OM

.1-
.

30

.

:
lor

Mow

oi.

Is
NI

.

.

0
mill

0

3
.

r

tor.

-
.
N.

I A / I A 1 I A 1 I A_ l

.

.
a
.

an

IAI 1
41125 250 500 1K

FREQUENCY, Hz

W-68

arif.177:14077/11050WIZILMLFIZOZWIZZIAW

..,r..,z;:,:####Arz dzezezem,
vitiver

..e.4..), v..

#####/######mzemz..;57,###########.,
4:s



&AMAMI t,or

TYPE: STAGGERrD METAL BOX STUD, DOUBLE LAYER GYPSUM LATH

TEST REF: 9-(8-1090072g)

DESCRIPTION: Two rows of 1 5/8-in, metal box studs 24 in. on centers,

stageered 10 in. on centers relative to opposite side, set into metal

ceiling runners separated by 1/8 in. and on a wooden floor plate. 1/2-in.

gypsum lath attached to both sides of wall with screws, 3 on each vertical

edge and 2 at 1/3 points of intermediate studs, face layer of 1/2-in.

gypsum lath screwed 12 in. on centers to first layer on both sides with

joints staggered 24 in., 1/16-in, finish coat of plaster applied to both

sides.

Total thickness: 5 1/2 in.

Area vAight: 9.7 lb/ft2

STC = 37; Fire Rating: 1 1/4 hrs. (est.)

MARKS: The al..ve test was conducted in the field. One adjoining wall

was constructed with 1 5/8-in, metal channel studs, 1/2-in. gypsum lath and

finish coat of plaster; the other wall was plastered masonry.
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TYPE: METAL CHANNELS, GYPSUM LATH AND PLASTER

TEST REF: (a) 2-(427); (b) 2-(426)

DESCRIPTION: (a) One 3/4-in, cold-rolled steel channel set ver".cally in

center of panel (corresponds to approximately 33 in. on centers); horizontal

3/4-in. channels 26 in. on centers wire-tied on each side of vertical

channel, with channels on opposite sides displaced about 6 in. relative to

each other and attached at ends to short lengths of ceiling runners. All

channels placed with 3/4-in, dimension parallel to panel so as to bridge a

1 1/2-in. airspace. Ct each side, 1/2-in. gypsum lath wire-tied to channels

and set into groove of wood floor runner; 3/4-in, sanded gypsum plaster

applied to lath.

Total thickness: 4 in.

Area weight: 17.4 lb/ft2

(b) Similar to (a) except the center channel was 1 1/2 in., with

horizontal 1 1/2-in, channels 28 1/4 in. on centers wire-tied between vertical

channel and edges of panel, thus bridging a 1 1/2-in. airspace.

Total thickness: 4 in.

Area weight: 17.3 lb/ft2

(a) STC = 46
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STC = 43; Fire Rating: 1 hr. (est.)

FTUIRRIC3: The STC values are based

upon nine test frequencies.
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TYPE: STAGGERED METAL CHAMEL STUD, GYPSUM LATH AND PLASTER

TEST REF: 2-(435)

DESCRIPTION: Staggered 3/4-in, cold-rolled steel channels, spaced 16 in. on

centers, staggered 1/2 in. and offset 1/4 in. relative to opposite face.

Channels held at top by punched-out metal runner and at bottom, set into

holes in a 1/4-in.-thick cork strip on top of another continuous layer of

1/4-in. cork. On each side, 3/8-in, gypsum lath held to studs with wire

clips and from studs of opposite side by 3/8-in.-thick sponge-rubber dots;

perlite gypsum plaster applied to lath.

Total thickness: 2 3/4 in.

Area weight: 8.6 lb/ft2

STC m 42; Fire Rating: Not available

REMARKS: The STC value is based upon nine test frequencies.
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TYPE: METAL CHANNELS, GYPSUM LATH AND PLASTER

TEST REF: 3-(440)

DESCRIPTION: Five layers of 3/4-in, cold-rolled steel channel, wire-tied

together, formed core of panel. The center layer consisted of two pieces

of chaanel 2 in. long placed vertically 40 in. apart and wire-tied between

two horizontal lengths o: channel. Vertical channels 16 in. on centers

were wire-tied to the horizontal channels; 3/8-in. plain gypsum lath,

16 in. wide, was wire-tied to vertical channels, with lath Joints held by

sheet metal clips; 1/2-in, sanded gypsum plaster with white-coat finish

applied to both sides.

Total thickness: 5 1/2 in.

Area weight: 13.5 lb/ft2

STC = 48; Fire Rating: 45 nin. (est.)
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TYPE. DOUBLE WALL, SOLID PLASTER LEAVES

TEST REF: (a) 2-(160H); (b) 4-(Fig. 13.43)

DESCRIPTION: (a) Double wall on concrete with a separatiun of 4 1/2 4n. Each

leaf consisted of 3/4-in, metal channels 12 in. on centers stiffened by a

1-in, horizontal metal channel about halfway up the panel; expanded metal

lath and 3/4-in. sanded gypsum plaster on both sides of wall.

Total thickness: 7 1/2 in.

Area weight: 17.2 lb/ft2

(b) Similar to (a) except the measurements were conducted in the

field and the plaster was 5/8 in. thick.

Total thickness: 7 1/2 in.

Area weight: approximately 15 lb/ft
2

(Not specified in reference)

(a) STC 47; Fire Rating: 1 hr. (est.)

(b) STC 38

REMRKS: The STC value of (a) is based upon nine test frequencies.
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TYPE: SOL/D SANDED GYPSUM PLASTER

TEST REF: (a) 2-(527, 503); (b) 2-(526)

DESCRIPTION: (a) Diamond mesh metal lath with sanded gypsum plaster on

both sides.

Total thickness: 2 in.

Area weight: 18.1-18.4 lb/ft
2

(b) Similar to (a) except gypsum perlite plaster was uscd.

Total thickness: 2 in.

Area weight: 8.8 lbat2

(a) STC = 36; Fire Rating: 1 hr.

(b) STC = 31; Fire Rating: 1 1/4 hrs. (est.)

FEWM: The plotted curve (a) represents the average value of measurements

of two nominally identical structures. The STC values are based upon nine

test frequencies.
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TYPE: SOLID GYPSUM PLASTER WITH METAL CHANNELS

TEST REF: (a) 2-(523); (b) 2-(501)

DESCRIPTION: (a) 3/4-in, metal channels 16 in. on centers; diamond meeh

expanded metal lath on one side, sanded gypsum plaster on both sides.

Total thickness: 2 in.

Area weight: 17.9 lb/ft2

(b) Similar to (a) except gypsum vermiculite plaster was used.

Total thickness: 2 in.

Area weight: 8.8 lb/ft2

( 5)

(b)

REMARKS:
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TYPE: SOLID SANDED GYPSUM PLASTER WITH METAL CHANNELS

TEST REF: (a) 2-(171A, 1718, 171C, 502); (b) 2-(518)

DESCRIPTION: (a) 3/4-in, metal channel studs 12 in. on centers, diamond mesh

metal lath on one side, sanded gypsum plaster on both sides.

Total thickness: 2 in.

Area weight: 16.4-18.8 lb/ft
2

(b) Similar to (a) except studs were 11 in. on centers.

Total thickness: 2 in.

Area weight: 18.7 lb/ft
2

(a) STC = 36; Fire Rating: 1 hr.

(b) STC = 36; Fire Rating: 1 hr.

REMARKS: For structure (a) the plotted curve represents the average

value of measurements of four nominally identical walls. The STC values are

(D based upon nine test frequencies.
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TYPE: SOLID SANDED GYPSUM PLASTER WITH METAL CHANNELS

TEST REF: (a) 2-(172); (b) 4-(Fig. 13.35)

DESCRIPTION: (a) 3/4-in, metal channel studs 12 in. on centers, expanded

metal lath on one side, sanded gypsum plaster on both sides.

Total thickness: 2 1/2 in.

Area weight: 22.4 lb/ft
2

(b) Similar to (a) except the measurements were conducted in

the field.

Total thickness: 2 1/2 in.

Area weight: approximately 22 lb/ft
2

(Not specified in reference)

(a) STC = 39; Fire Rating: 1 hr.

(0 STC = 32

REMARKS : The STC value of (a) is based upon nine test frequencies.
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TYPE: SOLID LIGHTWEIGHT AGGREGATE PLASTER WITH METAL CHANNELS

TEST REF: (a) 2-(519); (b) 4-(Fig. 13.34)

DESCRIPTION: (a) 3/4-in, metal channel studs 11 in. on centers, diamond mesh

metal lath on one side, gypsum perlite plaster on both sides.

Total thickness: 2 in.

Area weight: 9.6 lbift2

(b) Similar to (a) except the measurements were conducted in

the field.

Total thickness: 2 in.

Area weight: approximately 10 lb/ft
2

(Not specified in reference)

(a) STC = 31; Fire Rating: 1 114 hrs. (est.)

(b) STC = 29

REMARKS : The STC value of (a) is based upon nine test frequencies.
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TYPE: GYPSUM LATH AND PLASTER

TEST REF: (a) 2-(504, 510); (b) 2-(506, 511)

DESCRIPTION: (a) 3/8-in, gypsum lath, 13/16-in, sanded gypsum plaster

applied to each side of lath.

Total thickness: 2 in.

Area weight: approximately 16.5 lb/ft
2

(b) Similar to (a) except plaster was 1 1/16 in. thick.

Total thie.mess: 2 1/2 in.

Area weight: approximately 20.0 lb/ft
2

REMARKS :

STC 34; Fire rating: 1 hr.

STC 38; Fire rating: 1 1/4 hrs. (est.)

The plotted curves represent the average of laboratory

measurements of two nominally identical structures. The STC values are

based upon nine test frequencies.
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TYPE: SOLID GYPSUM CORE MOVABLE PARTITION

TEST REF: 7-(TL 64-213)

DESCRIPTION: 24-in.-wide panels constructed of 1- by 24-in, gypsum core

board offset 1 1/2 in. at edges to form tongue and groove edge; 5/8-in.

vinyl-faced gypsum wallboard laminated to both sides of core board. Panels

inserted into two piece metal floor and ceiling tracks. Gypsum to gypsum

screws at 1/4 and 1/2 points along vertical edges of face boards.

Total thickness: 2 1/4 in.

Area weight: 10.2 lb/ft
2

STC = 36; Fire Rating: 1 hr.
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TYPE: SOLID GYPSUM CCRE PARTITION WITH LEAD

TEST REF: (a) 15-(Fig. 7); (b) 15-(Fig. 7)

DESCRIPTION: (a) 1-in, gypsum core board with 5/8-in, gypsum wallboard

laminated to each side.

Total thickness: 2 1/4 in.

Area weight: approximately 10 lb/ft2 (Not specified in reference)

(b) Similar to (a) except on one side 1/2-in, gypsum wallboard

with 1/8-in. lead, approximate area weight 7 lb/ft
2

, replaced the 5/8-in.

gypsum board.

Total thickness: 2 1/4 in.

Area weight: approximately 17 lb/ft2 (Not specified in reference)

(a) STC 38; Fire Rating: 1 hr.

(b)--------- STC gm 44; Fire Rating: 45 min. (est.)

TO

60

0
50

4)
cn

cn
40

t
o

cn 30

20
125

I V I

pup

Imo

I V I I V I V

w

lob

aro reo"
woe'

arr.
"

wol

.""
woo'

m
M

lob

In

or"'

_A 1 A_ I A_ I I A L

250 500 IK

FREQUENCY, Hz

2K

W-81

4K

ANINIANIOAAAKAWAKIAIWAPOZA../////////
N.\

4/4/41IFAIIIMI ' aurgir4r4vArAndurawariroAroAr

(a) (b)



TYPE: HOLLOW-CORE MOVABLE GYPSUM PARTITION

TEST REF: (a) 7-(TL 64-186); (b) 7-(TL 64-212)

DESCRIPTION: (a) 24-in.-wide panels constructed of 5/8-in. gypsum core board

strips, 7 1/2 in. and 4 3/8 in. wide, offset 1 1/2 in. at edges to form tongue

and groove; 5/8-in., vinyl-faced, gypsum wallboard laminated to both sides of

core board strips. Panels inserted into two piece metal floor and ceiling

tracks. Gypsum to gypsum screws at 1/4 points along vertical edges of face

boards.

Total thickness: 1 7/8 in.

Area weight: 7.7 lb/ft
2

(b) Similar to (a) except the core board strips were 1 in. thick.

Total thickness: 2 1/4 in.

Area weight: 8.3 lb/ft
2
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TYPE: GYPSUM RIBS, DOUBLE LAYER GYPSUM BOARD

TEST REF: 7-(TL 63-15)

DESCRIPTION: 1- by 6-in. gypsum ribs vertically laminated 24 in. on centers

to 5/8-in. gypsum wallboard such that board Joints are covered, with bottom

and top of ribs 6 in. from floor and ceiling. Ribs screwed 24 in. on centers

at each board joint. Gypsum wallboard screwed 24 in. on centers, with ribs

facing inside and staggered 12 in., to outside faces of 1 5/8-in, metal

runners at floor and ceiling. Second layer of 5/8-in, gypsum wallboard

laminated to both sides with joints staggered. All exposed joints taped

and finished.

Total thickness: 4 1/8 in.

Area weight: 13.9 lb/ft
2

STC 51; Fire Rating: 2 hrs.
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TYPE: DOUBLE PANEL: CORE BOARD, GYPSUM BOARD

TEST REF: 7-(TL 64-60)

DESCRIPTION: 1-in, tongue-and-groove gypsum core boa:d attached to both

sides of 2 1/2-in, metal channel runners at floor and ceiling, 1/2-in.

gypsum wallboard laminated to each core board. 2-in, mineral wool batts

glued to inside surface of core board. All exposed joints taped and

finished.

Total thickness: 5 5/8 in.

Area weight: 14.3 lb/ft2

STC 45, Fire Rating: 2 hrs. (est.)
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TYPE: DOUBLE WALL: HOLLOW-CORE MOVABLE GYPSUM PARTITION

TEST REF: (a) 7-(TL 64-189); (b) 7-(TL 65-72)

DESCRIPTION: (a) Double wall with 1 3/8-in. airspace. Each leaf consisted

of 24-in.-wide panels of 5/8-in. gypsum core board strips, 7 1/2 in. and

4 3/8 in. wide, offset 1 1/2 in. at edges to form tongue and groove.

5/8-in., vinyl-faced, gypsum wallboard laminated to both sides of core board

strips. Panels screwed 12 in. on centers to 1 1/4- by 1-in, angle floor and

ceiling runners.

Total thickness: 5 1/8 in.

Area weight: 14.6 lb/ft2

(b) Similar to (a) except the space between leavee was 2 118 in.

and contained 2-in, mineral fiber blankets stapled to one leaf. 1/4-in.

perimeter clearance closed with a non-setting resilient caulking compound.

Vertical face layer joints sealed with joint tompound.

Total thickness: 6 in.

Area weight: 12.8 lb/ft2

(a)

(b)

STC = 45; Fire Rating: 3 hrs. (est.)
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(-) TYPE:

TEST REF:

GYPSUM BOARD WITH INSULATION

9-(8-1090072d)

DESCRIPTION: A pair of 1- by 1 1/2-in. 22 gage steel angle runners, with

a 3-in, separation, screwed 24 in. on centers through a 1/2-in, isolating

resilient gasket to the ceiling and the floor. 1- by 24-in, tongue-and-

groove gypsum core board units applied vertically, and screwed 23 in. on

centers to the angles with joints staggered 12 in. on opposite sides.

I 1/"-in. mineral fiber blankets stapled to one inside surface of core

boards. 1/2- by 48-in. gypsum lath laminated to core boards with joints

offset 3 inches; laminating compound beads 1/2-in.-thick, 5/16-in.-wide,

spaced 4 1/2 in. on centers. 1 112-in. screws through lath and core board

36 in. on centers along edges and 48 in. on centers in field. 1/16-in.

plaster finish coat applied to both sides. The 1/4 and 1/8-in, clearances

around the perimeter closed with a non-setting resilient caulking compound.

Total thickness: 6 1/8 in.

Area weight: 12.8 lb/ft2

STC = 54; Fire Rating: 2 hrs. (est.)

FOWLS: The above test was conducted in the field. One adjoining wall

was constructed with 1 5/8-in, metal studs,
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TYPE: GYPSUM BOARD PANELS WITH INSULATION

TEST REF: 9-(109006c)

DESCRIPTION: A pair of 3/4- by 1-in. steel angle runners, with a 3-in.

separation, set on continuous beads of non-setting resilient caulking

compound at floor and ceiling. 1- by 24-in, gypsum core board units applied

vertically, and screwed 12 in. on centers to the angles with joints staggered

12 in. on opposite sides. 1 1/2-in.-thick mineral fiber blankets stapled to

one inside surface of core boards. 1/2-in. by 48-in, gypsum wallboard

laminated to core board with joints of opposite faces staggered. The 1/4-in.

clearances around the perimeter closed with a non-setting resilient caulking

compound.

Total thickness: 6 in.

Area weight: 12.5 lb/ft2

STC = 56, Fire Rating: 2 hrs. (est.)

REMARKS: The above test was conducted in the field.
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AIRBORNE AND IMPACT SOUND INSULATION DATA

OF FLOOR-CEILING CCNSTRUCTIONS



WEE: REINFORCED CONCRETE SLAB

TM RE?: (a) 3-(808); (b) 14; (c) 3-(808A); (d) 14

DESCRIPTION: (a) 4-in.-thick reinforced concrete slab, isolated from support

structure. Concrete was reinforced with 6- by 6-in. number 6 AWG reinforcing

mesh placed at the centerline horizontal plane of the slab. All surfaoe

cavities were sealed with a thin mortar mix.

(b) Field measurements of a nominally identical structure, as

in (a), supported by masonry walls.

Total thickness: 4 in.

Area weight: 53 lb/ft
2

concrete.

(c) Same us (s) except 1/8-in.-thick vinyl tile was adhered to

(d) Same as -(b) except 1/8-in.-thick vinyl tile was adhered to

concrete.

Total thickness: 4 1/8 in.

Area weight: 54 lb/ft2

(a)

(b)

(c)

(d)

I c) *

071a (t7sz?o 0

<ja:
(a) (b) (c) & (d)

STC = 44; IIC = 25; Fire Rating: 1 hr. (est.)
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IIC m 28

F-1
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TYPE: REINFORCED CONCRETE WITH FLOOR COVERINGS

TEST RET: I(a) 3-(808D); I(b) 3-(808C); II(a) 3-(808B); II(b) 14

DESCRIPTION: I(a) 4-in.-thick reinforced concrete slab with carpeting

and pad. The carpeting was of 1/4-in, wool loop pile with 1/8-in, woven jute

backing, 0.49 lb/ft
2

; the foam rubber pad was 1/4 in. thick and weighed 0.53

lb/ft
2

.

I(b) Same as I(a) except the carpet and pad were placed on

1/2-in.-thick oak blocks, 1.8 lb/ft2, adhered to concrete.

II(a) Same as I(b) without carpet and pad.

II(b) Field measurements of a nominally identical structure,

as in II(a), supported by masonry walls.

IIC m 80

IIC 84

IIC m 45

IIC as 45

REMARKS: See preceding report. Fire rating and STC are commensurate with

those given in F-1

F-2
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TYPE: REINFORCED CONCRETE FLAB, WOOD BLOCKS WITH UNDERLAYMENTS

TEM REF: 1-(809, 809A-H)

DESCRIPTION: 1(a) 4-in, reinforced concrete slab with 1/2- by 9- by 9-in.

oak blocks, 1.8 lb/ft
2

, set in mastic.

I(b) 1/4-in, polystyrene closed-cell foam, approximate density

2 lb/ft
3

, between kraft liner board facings.

I(c) 1/8-in, polystyrene closed-cell foam, approximate density

4.5 lb/ft
3

, between liner board facings.

I(d) 1/4-in, rigid polyurethane, approximate density 2.5 lb/ft3,

between liner board facings.

I(e) 1/4-in, semi-rigid polyurethane foam, approximate density

2.2 lb/ft
3

, without liner board facings.

II(a) 1/2-in, wood fiber board, approximate density 21 lb/ft3.

II(b) 1/8-in, molded corrugated pulp material of sulfate fibers,

approximate area weight 0.05 lb/ft
2

.

II(c) 1/4-in, cork, approximate density 24 lb/ft3.

II(d) I/8-in. cork.

IIC = 45I(a) IIC = 41 II(a)

I(b) IIC = 48 II(b) IIC = 48

I(c)----- IIC = 43 = 43II(c)--

IIC = 45 11(4) = 42

I(e) IIC = 52

MARKS: See preceding reports. Fire rating and STC are commensurate

with those given in F-1.

F-3
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TYPE : REINFORCED CONCRETE SLAB

TEST REF: 1-(S5)

DESCRIPTION: 5-in.-thick reinforced concrete. On the floor side, linoleum

on bitumen-felt underlayment. On the ceiling side, 112-in.-thick papered

fiber board.

Total thickness: 6 in.

Area weight: 64 lb/ft
2

STC in 51; IIC - 47; Fire Rating: 2 hrs. (est.)

REMARKS : These measurements were conducted in the field.
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TWE: REINFORCED CONCRETE SLAB

TFLTT REF: (a) 1-(57); (b) l-(S8); (c) l-(S9)

DESCRIPTION: (a) 6-in.-thick reinforced concrete slab. On the floor side,

5/8-in.-thick mastic asphalt. On the ceiling side, approximately 3/4-in.

layer of plaster.

(b) Similar to (a), except for a thin layer of asphalt-felt

paper between the concrete slab and the mastic aaphalt.

(c) Similar to (a), except for a thin layer of cork between

the concrete slab and the mastic asphalt.

Total thickness: approximately 7 1/2 in.

Area weight: 85 lb/ft2

(a)

(b)

STC = 47; IIC = 31, Fire Rating: 3 hrs. (est.)

STC = 49; /IC = 26

(c) - ----STC is 47; IIC = 46

REMARKS: These measurements were conducted in the field.
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1

TYPE:

TEST REF:

REINFORCED CONCRETE SLAB

1-(S2-1; 53-1, 2; 54-1, 2)

DESCRIPTION: 6-in, reinforced concrete slab; on the floor side, 7/8-in.-

thick sand-cement screed and 5/8-in.-thick composition flooring; on the

ceiling side, 1/2-in. plaster.

Total thickness: 8 in.

Area weight: 95 lb/ft
2

STC as 54; IIC Fs 35; Fire Rating: 3 hrs. (est.)

REMARKS: The plotted curve is the average of field measurements of

five nomiaally identical structures. The shaded area indicates the spread

of the measurements.

F-6
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1

TM: REINFORCED CONCRETE SLAB

'nor REF: (a) 11(b)-(Fig. 37a, 37d); (b) 11(b)-(Fig. 36f); 17-(3a)

DESCRIPTION: (a) 4 3/8-in.-thick reinforced concrete slab. On the floor

side, 3/4-in.-thick sand-cement screed with 1/8-in. linoleum floor covering.

On the ceiling side, 3/8-in. layer of plaster.

(b) Similar to (a) except the floor was covered with coco

mat carpeting.

Total thickness: approximately 5 1/2 in.

Area weight: approximately 61 lb/ft2

(a)

(b)

(a) (b)

STC = 51; Im mi 48; Fire Rating: 2 hrs. (eat.)

.STC = 51; IIC = 58

REMARKS: The airborne STL measurements were made without floor coverings;

however, these provide little additional airborne sound insulation and the

data are applicable to the above strur,Lures. The plotted curve for the

airborne sound insulation represents the ave-age of field measurements of

six nominally identical structures. The shaded area indicates the spread of

the measurements.

F-7





TYRE: CONCRETE SLAB

TEST FIEF: (a) 8-(308-1-65); (b) 8-(3C8-2-65)

DESCRIPTION: (a) 5-in.-thick concrete slab. On the floor side, 1/4-in.-

thick medium density cork, 11-12 lb/ft
3

, adhered to concrete, 5/d-in.-thick

plywood subfloor glued to cork, 5/16-in.-thick wood oak flooring adhered to

subfloor. No ceiling finish.

Total thickness: 6 1/4 in.

Area weight: approximately 70 lb/ft
2

(Not specified in reference.)

ib/ft
3

.

(a)

(b)

(b) Similar to (a) except the density of the cork was 8.5

STC 48-50 (est.); IIC in 47;

STC 48-50 (est.); IIC In 49

Fire Rating: 2 hrs. (est.) -
combustible

FEAMS: Airborne STL measurements of this structure are not

available; therefore, the STC has been estimated from measurements of

similar constructions.

F-8
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TYPE: REINFORCO CONCRETE SLAB

TEST REF : 11(a) -(IV-C-27)

DESCRIPTION: 4 318-in.-thick reinforced concrete slab. On the floor side,

1/2-in.-thick layer of bitumen with 1/2-in.-thick soft wood fiber board which

was covered with a thin layer of bitumen with sand and a 3/4-in.-thick sand-

cement screed. On the ceiling side, 3/8-in, layer of plaster.

Total thickness: 6 5/8 in.

Area weight: approximately 65 lb/ft2

/y. YXV.*X"Aq0M0 ,\6"&WS&ON{WAX"w'RPVWo):445410.Z.N:,

Mr MEP .4/7 .111 ..."^ /111.11 I S INP. MI MR". VI ...or

STC m 49; IIC ge 48; Fire Rating: 2 hrs. (est.)

REMARKS : The plotted curves represent the average of field measurements

of four nominally identical structures. The sha4c4 areas indicate the spreads

of the measurements.
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TYPE: RZINFORCED CONCRET! SLAB, FLOATING FLOOR

TEST REF : 1-(S27-1,2,4; S29-i,4; S30-2,3,4; S31, 532, 533-1,2,3; 534)

DESCRIPTION' 5-in.-thick reinftweed concrete. On the floor side, 1 1/2-in.-

thick wire meab reinforced sand-cement screed floating on 1/2-in.-thick

bitumen-bonded glass-wool quilt covered with building paper. On the screed,

1/2-in.-thick pitch-mastic with a linoleum floor covering. On the ceiling

side, 1/2-in, layer of plaster.

Total thickness: 8 1/4 in.

Area weight: 90 lb/ft2

4rr..140WW.M.

41,1WrfA9Magtqthili.i44.014;(62T-

STC m 51; IIC 53; Fire Rating: 2 1/2 hrs. (est.)

RUMS: The plotted STL curve represents the average of field

measurements of 21 nominally identical structures, and the plotted ISPL curve

is the average of 17 structures. The shaded areas indicate the spreads of the

measurements.

F-10
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TYPE :

TEST REF :

CONCRETE WITH sum "I" BEAMS

1-(S11-3, 4; 512, 513-2, 3, 4; 514-1, 2, 3; S15; S16-1, 3;

S17; 518-4; $19-1, 3; 521-1, 3; S22-2)

DESCRIPTION: 4 1/2-in.-thick concrete and filler-joist structural floor.

The filler-joists were 3- by 4-in. steel "I" beams spaced 30 in. on centers.

On the floor side, 1-in.-thick clinker concrete to which 7/8-in.-thick wood

flooring was nailed 15 in. on centers; linoleum cemented to wood flooring.

On the ceiling side, 1/2-in, layer of plaster.

Total thickness: 7 in.

Area weight: 70 lb/ft2

ZMZZZA/411 VA kVtV.. YF e/Z/Mern
Nn. $0.1111W. NIAr

'fa??

:

c;#

STC 46; IIC 47; Fire Rating: 4 hrs. (est.)

MARKS : The plotted curves represent the average of field measurements

of 26 nominally identical structures. The shaded areas indicate the spread of

the measurements.
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MEE: REINFORCED CONCRE1E, SUSPENDED CEILING

aTor FaUF: 11(a)-(IV-B-22)

DESCRIPTION: 4 3/8-in.-thick reinforced concrete slab. On the floor side,

3/4-in.-thick sand-cement screed. On the ceiling side, brick wire meeh,

suspended 4 in. with wire hangers, held 7/8-in. gypsum plaster.

Total thickness: 10 in.

Area weight: approximately 62 lb/ft2 (Not specified in reference.)

STC Is 48; /IC 47; Fire Rating: 3 hrs. (est.)

REAMS : The plotted curves represent the average of field measurements

of four nominally identical structures. The shaded areas indicate the spreads

1

of the measurement*.
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TYPE:

TEST REF:

REINFORCED CONCRETE SLAB, FLOAT/NG FLOOR

(a) 1 -(S166); (b) 1-(1167)

DESCRIPTION: (a) 5 1/2-in.-thick reinforced concrete slab. On the floor

side, 3/4-in.-thick tongue-and-groove wood flooring nailed to 1 1/2- by 2-in.

wooden battens which were held in asbestos-lined metal clips anchored to

concrete slab. On the ceiling side, 1/2-in, layer of plaster.

(b) Similar to (a) except wooden battens were nailed to 1/2-

by 4- by 6-in, cork pads set in mastic on the concrete slab.

Total thickness: 9 1/4 in.

Area weight: 75 lbift2

(a)

(b)

(a) (b)

STC = 54; ITC = 51; Fire Rating: 3 hrs. (est.)

STC = 53; IIC = 53

REMARKS: These measurements were conducted in the field.

F-13
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TYPE: REINFORCED CONCRETE SLAB, FLOATING FLOOR

TEST BTU?: 1-(S53)

DESCRIPTION: 6-in.-thick reinforced concrete slab. On the floor side,

3/4-in.-thick tongue-and-groove wood flooring nailed to 1 1/2- by wooden

battens, 16 in. on centers,floating on 1-In.-thick glass-wool quilt. On the

ceiling side, 1/2-in, layer of plaster.

Total thickness: 9 1/2 in.

Area weight: 83 lb/ft
2

IiLlomotooLwaLwmoma....wooL
Pr-4,61

k fiy&Qt'itc71,MXIGX~iiav-_-.4V-
,

.4

STC = 55; I/C = 57; Fire Rating: 3 hrs. (est.)

REMARKS: The plotted curves represent the average of field measurements

of two nominally identical structures.
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TYPE: REINFORCED CONCRETE WITH HOLLOW BLOCKS

TEST REF : 1-(S57)

DESCRIPTION: 6-in, reinforced concrete slab witil 12-by 5-in.

blocks spaced 16 in. an centers. On the floor side, i 1/2-in.

screed with a 5/8-in.-thick pitch-mastic floor finish on felt u

On the ceiling side, approximately 3/4-in. plaster.

Total thickness: 8 1/2 in.

Area welght: 70 lb/ft
2

I I I MISS 111111111111111111111111111111111111 V 11111

STC 49; IIC = 30; Fire Rating: 2 hrs. (est.)

REMARKS : These measurements were conducted in the field.

hollow

sand-cement

nderlayment.
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TYPE: CONCRETE WITH HOLLOW BLOCKS

TETT FE?: 1-(S59)

DESCRIPTION: 5- by 10-in, hollow masonry blocks, 14 in. on centers, with

spaces between blocks filled with 5-in.-thick reinforced concrete. On the

floor side, 7/8-in.-thick wood blocks adhered to 1 1/2-in.-thick sand-cement

screed. On the ceiling side, 3/4-in, layer of plaster.

Total thickness: 8 1/8 in.

Area weight: 65 lb/ft
2

\X".:\X\N`.\\N 409W.1.60/49591 %.\\\XX`\.\\\NM lAVAPV7/7/////,

STC = 50; IIC = 48; Fire Rating: 2 hrs. (est.)

REMUS : The plotted curves represent the average of field

measurements of two nominally identical structures.
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TIME: CONCRETE W/TH HOLLOW BLOCKS, FLOATING FLOOR

TEST REF: (a) 1-(S77-1,4); (b) 1-(S77-2,3)

DESCRIPTION: (a) 4- by 12 1/2-in, hollow masonry blocks, 15 1/2 in. un

centers, with spaces between blocks filled with 4-in.-thick reinforced c)ncrete.

On the floor side, 2-in.-thick sand-cement screed; 1-in.-thick wood flooring

nailed to 1- by 2-in, wooden battens, spaced 15 1/2 in. on centers, floating

on glass-wool quilt, approximately 1 in. thick. On the ceiling side, 3A-in.

layer of plaster.

(b) Similar to (a) with linoleum floor covering.

Total thickness: 9 1/4 i.

Area weight: 57 lb/ft2

(a)

(b)

NEWL%16WILALIIMMIIMMILIMILW
0:4 :71.111111111

. -C. liro' AP/ 0 gegiertA SIXIMIMV,tel -lid fiO3,4
,,,,c
:.

:,::.: ":.:.: ' Ne ,
::::.: , :,

.:::::: . ..... .%.,4 5 -I ,

1, ,gre NI/ ... ii.a....
Para kr. ina..L.wN

li .er
0 # 0

fi
0 :1.44 I0 V.i 0

ArAra, .... 4........ 4. 4 or 4 1 ......." ... 4 ... -.....#4.4,
sew Parg-tAri 1110.11,11illaialll ""r1" l4 AM

STC = 53; IIC = 62; Fire Rating: 2 hrs. (est.)

STC = 54; IIC = 64; Fire Rating: 2 hrs. (est.)

AMMARKS4 The plotted curves are the average values of field

measurements of two nominally identical structures of type (a) and (b).
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TYPE: CONCRETE WITH HOLLOW BLOCKS, FLOATING FLOOR

TWF REF: (a) 1-(S66-1,2,4; S67-1,2,4; S68-1,2,4); (b) 1-(S66-3, 567-3, 568-3)

DESCRIPTION: (a) 5 1/2-in.-thick reinforced concrete with hollow 4- by 12-in.

blocks embedded 14 1/2 in. on centers. On the floor side, 1 1/2-in.-thick wire

mesh reinforced sand-cement screed floating on 1-in.-thick bitumen-bonded

glass-wool quilt covered with building paper; thermoplastic tile floor covering.

On the ceiling side, 1/2-in, layer of plaster.

(b) Similar to (a) except the glass-wool quilt was not

bitumen-bonded.

Total thickness: 8 1/2 in.

Area weight: 65 lb/ft2

(a)

(b)

MitilltAl.42 "aci., AMR) ref1
. ........:

.: .: . i..)... :9:e 4..
N. ip 1 41. I/, W 4 IIIw r -...c - - - _ , ......5:
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v.... , 1 '.I Ik II I /I Ar II I I I .II I ' ar IV IV IV IP AV II 111, AI II . .. ' A. ill 0II. l rivrirfi.trrrramierwriurm iirirvarr Laar-rn.wirr a.az1

STC = 52; IIC = 47; Fire Rating: 2 hrs. (est.)

STC = 50; IIC = 49; Fire Rating: 2 hrs. (est.)

ROM IRKS, The plotted curves are the average of field measurements of

nine nominally identical structures of type (a), and three of type (b).
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TYRE: CONCRETE WITH HOLLOW BLOCKS, FLOATING FLOOR, SUSPENDED CEILING

TIUM 1-(s110, 5111, S112)

DESCRIPTION: 5 1/2-in.-thick reinforced concrete with 4- by 12-in, hollow

masonry blocks embedded 15 in. on centers. On the floor side, 1 1/2-in.-thick

wire mesh reinforced sand-cement screed floating on 1-in.-thick bitumen-bonded

glass-wool quilt covered with building paper; thermoplastic tile floor

covering. On the ceiling side, 1/2-in, layer of plaster on ribbed expanded

metal lath attached to 1/4- by 1 1/4-in. steel bars Euspended 6 in. from the

concrete slab by 1/4-in. steel rods, spaced 48 in. on centers.

Total thickness: approximately 15 1/4 in.

Area weight: 70 lb/ft2

STC = 55; IIC 53; Fire Rating: 2 hrs. (est.)

RUMS: The plotted curves represent the average of field measurements

of twelve nominally identical structures. The shaded areas indicate the

spreads of the measurements.
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WINE: HOLLOW TILE BEAM

TEST ATIV: (a) 11(b)-(Fig. 39b); (b) 11(b)-(Fig. 39f); (c) 11(b)-(Fig. 39g)

DESCRIPTION: (a) 5-in.-thick tile beams, 15 3/4 in. wide, held together

with steel reinforcement and cement mortar. On the floor side, linoleum

adhered to 3/4-in.-thick sand-cement screed. On the ceiling side, 3/8-in.

layer of plaster.

(b) Similar to (a) except linoleum was replaced by coco matting.

Total thickness: 6 314 in.

Area weight: approximately 41 lb/ft2

(c) Similar to (a) except linoleum was replaced by parquet

flooring, and on the ceiling side, 3/4- by 2 3/4-in, wooden battens, 19 in. on

centers, held 1 3/8-in, layer of lath, reeds and plaster.

Total thickness: 9 1/4 in.

Area weight: approximately 43 lb/ft2

(a)4000644400004STC = 47; IIC = 40; Fire Rating: 1 hr. (est.)

(b). STC = 47; IIC = 60; Fire Rating: 1 hr. (est.)

(c)OPMMAIMMPNISTC = 50; IIC 46; Fire Rating: 1 hr. (est.)

ROM :
The airborne STL measurements were made without the floor

coverings; however, these provide little additional airborne sound insulation,

and the data are applicable to the above structures. The plotted STL curves

represent the average of field measurements of nominally identical structures.

The shaded areas indicate the spreads of the measurements.
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WEE: PRECAST HOLLOW CONCRETE SLAB

Tlar RE?: (a) 17-(12a), 11(a)-(VI-A-36); (b) 17-(12b), 11(a)-(VI-A-37)

DESCRIPTION: (a) 6- by 20-in, precast pumice concrete slabs with

cyliC.ical cavities. On the floor side, 3/8-in.-thick cement mortar and

3/4-in.-thick sand-cement finish; on the ceiling side, 3/8-in.-thick

coat of plaster.

Total thickness: 7 1/2 in.

Area weight: 43 lb/ft2

(b) Similar to (a) except 5- by 10 in. precalt hollow

concrete beams were used.

Total thickness: 6 3/4 in.

Area weight: 46 lb/ft2

(a)A00000000 STC m 46; IIC = 30; Fire Rating: 2 hrs. (est.)

(b)11111,111 STC m 46; IIC = 24; Fire Rating: 1 hr. (est.)

=WM: The plotted curves are the average values of field measurements

of three nominally identical structures of type (a) and (b). The shaded areas

indicate the spreads of the measurements.
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TYPE: CONCRETE CHANNEL SLAB

1

sun 9FJP: 11(a)-(VI-A-38), 17-(12c)

DESCRIPTION: Prefabricated concrete channel slabs mortared together 20 in.

on centers. Each slab had a 3-in, deep trapezoidal channel with bases of

11 and 14 3/4 in. On the floor side, 3/4-in.-thick sand.icement finish.

Total thickness: 6 1/4 in.

Area weight: 28 lb/ft2

STC = 42; IIC = 32; Fire Rating: 45 min. (est.)

Ruling: The plotted curves are the average values of field measurements

of four nominally identical structures. The shaded areas indicate the spreads

of the measurements due to the variance in structures and conditions of the

tests.
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TYPE: RIBBED CONCRETE

TEOF FID?: 11(a)-(1V-A-21)

DESCRIPTION: 7 1/4-in, ribbed concrete floor. The ribs were 5 1/4- by

3 3/4-in., spaced 21 in. on centers, with 1- by 2-in, wooden nailing strips

cast into ends. On the floor side, the slab was 2 in. thick with a 3/4-in.-

thick sand-cement screed. On the ceiling side, 5/8-in.-thick wooden laths

aailed to nailing strips, held 5/8-in.-thick reeds and plaster.

Total thickness: 9 1/2 in.

Area weight: approximately 45 lb/ft2 (Not specified in reference.)

STC = 46; IIC = 42; Fire Rating: 45 min. (est.)

MUMS : The plotted curves represent the average of field

measurements of three nominally identical structures. The shaded areas

indicate the spreads of the measurements.
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WM: CONCRETE CHANNEL BENH

wor REF: 1-(s117)

DESCRIPTION: 7-in, precast trapezoidal concrete channel beams, 14 in. on

centers, with the spaces between the beams filled with a sand-cement mix. On

the floor side, 1 1/2-in.-thick sand-cement screed with 1-in.-thick wood-block

floor covering. On the ceiling side, approximately 3/4-in.-thick layer of

plaster on expanded metal lath.

Total thickness: ID 1/4 in.

Area weight: 65 lb/ft
2

eZZA .\\N KW.et/W. XXMIN ezzez

NW,MMO'
=

STC = 47; IIC = 42; Fire Rating: 45 min. (est.)

REMARKS : The plotted curves are the average values of field

measurements of four nominally identical structures. The shaded areas

indicate the spreads of the measurements.
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WEE: PRECAST CONCRETE BEAN, FLOATING FLOOR

TEM FlOIN 1-(S116)

DESCRIPTION: 5-in, precast concrete channel beams, 14 1/2 in. on centers,

with the spaces between beams f4.11ed with a sand-cement mix. On the floor

side, 7/8-in.-thick tongue-and-groove wood flooring nailed to 1- by 2-in.

wooden battens, 20 in. on centers, on approximately 1-in.-thick glass-wool

quilt on 3/4-in.-thick sand-cement screed. On the ceiling side, 1/8-in.

layer of plaster on 3/8-in. gypsum wallboard nailed to 1- by 2-in, wooden

battens spaced 14 1/2 in. on centers.

Total thickness: approximately 10 in.

Area weight: 45 lb/ft2

WAMW/M\ ////////7/7/ \\V ,\\\\ \ \\N //////
10.:41 74
1/4.51(iiAt1 rYZYZYMI/X4:11endlorliarinlittleli/e;

, 7,:tV ,5" ;.:5 N. N

STC 50; IIC m 53; Fire Rating: /) min. (est.)

REMARKS: The plotted STL curve represents the average of field

measurements of two nominally identical structures, and the plotted ISr.

curve represents the measurements of one structure.
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o
TIME: PRECAST HOLLOW CONCRETE BEAM

TEW REIN 1-(558)

DESCRIPTION: 6-in, precast hollow trapezoidal concrete beams 14 1/2 ia. on

centers, with bases of 14 in. and 12 in. The spaces between the beams filled

with concrete. On the floor side, 1/2-in.-thick sand-cement screed with 1/2-in.-

thick pitch-mastic finish floor. On ceiling side, approximately 1/2-in, layer

of plaster.

Total thickness: 7 1/2 in.

Area weight: 55 lb/ft
2

STC n 45; /iC in 31, Fire Rating: 45 min. (est.)
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TYPE: HOLLOW CONCRETE BEAM, SUSPENDED CEIL/NG

TEn PEP : 1-(S115)

DESCRIPTION: 5-in, precast trapezoidal hollow concrete beams, 14 1/2 in.

on centers, with bases of 14 in. and 12 1/2 in. The spaces between beams

filled with a sand-cement mix. On the floor side, 1-in.-thick sand-cement

screed with 3716-in. cork tile floor covering. On the ceiling side,

3/8-in.-thick gypsum wallboard attached to 1- by 2-in, wooden battens held

by metal clips.

Total thickness: 7 5/8 in.

Area weight: 50 lb/ft
2

STC = 50; IIC = 51; Fire Rating: 45 min. (est.)

BMW: The plotted STL curve represents the average of field

measurements of four nominally identical structures, and the plotted ISPL

curve is the average of two structures. The shaded area indicates the spread

of the measurements.
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9Mf PE : HOLLOW CONCRETE BEAM, WOOD RAFT FLOOR

impr REF: 1-(s64)

DESCRIPTION: 7-in.-thick precast trapezoidal hollow concrete beams,

14 1/2 in. on centers,with bases of 14 in. and 12 in. Vie spaces between

beams were filled with concrete. On the floor siae, tongue-and-

groove wood flooring nailed to 2- by 2-in, wooden battens, 18 in. on centers;

linoleum floor covering. On the ceiling side, 3/4-in, layer of plaster.

Total thickness: 10 5/8 in.

Area weight: 45 lb/ft2

///////zoz\NNANsv. zw,ezwizzez, ,\\ wy://,

STC = 44; IIC = 48; Fire Rating: 1/2 hr. (est.)

AMMARKS4 These measurements were conducted in the field.
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WEE: HOLLOW CONCRETE BEAM, FLOATING FLOOR

nor REF: 1-(S78-2)

raCRIPTION: 5-in.-thick precast trapezoidal hollow concrete beams,14 1/2 in.

on centers, with bases of 14 in. and 12 1/2 in. The spaces between the beams

were filled with a sand-cement mix. On the floor side, 7/8-in.-thick

tongue-and-groove wood flooring nailed to 1 1/2- by 2-in, wooden battens,

20 in. on centers, floating on a glass-wool quilt, approximately 1 in. thick;

linoleum floor covering. On the ceiling side, 5/8-in, layer of plaster.

Total thickness: approximately 8 3/4 in.

Area weight: 42 lb/ft
2

/,',////////// \\.\\71,,N\:\\:\\NN/77/,/,/777/11/\:\\\:\:\\.\\ //'/7
7.41

MiriZTRIMI1dm.w.a.1,1

STC = 50; IIC = 49; Fire Rating: Not available

REMARKSI These measurements were conducted in the field.
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TYPE: WOODEN JOIST

TE&T REF: 1-(S288-1, 2; S289-1, 2)

DESCRIPTION: 2- by 8-in, wooden joists 16 in. on centers. On the floor

side, 7/8-in, tongue-and,groove flooring nailed to joists; on ceiling side,

3/8-in. gypsum wallboard nailed to joists with the joints sealed.

Total thickness: 9 1/2 in.

Aria weight: 7 lb/ft2

STC = 34; IIC = 32; Fire Rating: 15 min. (est.) - combustible

REMELIC3: The plotted curves represent the avarage of field measurements

of four nominally identical structures. The shaded areas indicate the spreads

of the measurements.
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TYPE : WOODEN JOIST

TIOT REF: 1-(S290)

DESCRIPTION: 2- by 7-in, wooden joists 16 in. on centers. On the floor side,

7/8-in.-thick tongue-and-groove wood flooring nailed to Joists. On the ceiling

side, 3/8-in.-thick gypsum wallboard nailed to joists, approximately 3/16-in.

skim-coat of plaster applied to gypsum board.

Total thickness: approximately 8 1/2 in.

Area weight: 8 lb/ft2

1111011....M.11.11:11101L%.1111110111011.1101111.11:1k.

1,111111111111111111111'

STC = 357 IIC = 36; Fire Rating: 15 min. (est.) - combustible

RINUMKS: The plotted curves represent the average of field measurements

of three nominally identical structures. The shaded areas indicate the spreads

of the measurements.
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TINME: WOODEN JOIST

inn Fau?: (a) 1-(S293, S294); (b) 1-(S292-2)

DESCRIPTION: (a) 2- by 8-in, wooden joists 16 in. on centers. On the floor

side, 7/8-in.-thick tongue-and-groove wood flooring screwed to joists; 1- by

2-in, wooden battens nailed to the underside of the wood flooring midway

between joists. On the ceiling side, 1/2-in, layer of plaster on expanded

metal lath nailed to joists.

Total thickness: 9 1/2 in.

Area weight: 13 lb/ft2

(b) 2- by 8-in, wooden joists 18 in. on centers. On the floor

side, 7/8-in, tongue-and-groove wood flooring nailed to joists. On the ceiling

side, 1-in. battens nailed through glass-wool quilt, approximately 1 in. thick;

1/2-in, layer plaster on 1/4-in.-thick wood lath.

Total thickness: approximately 11 in.

Area weight: 12 lb/ft2

(a)0100040000000*STC = 41; IIC = 36; Fire Rating: 30 min. (est.) - combustWe

(b) STC = 43; IIC = 43; Fire Rating: 45 min. (est.) - combustible

REM IMO : The plotted curves, for structure (a), represent the average of

field measurements of four nominally identical structures. The shaded areas

indicate the spreads of the measurements. The curves, for structure (b), are

the results of measurements of one structure.
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TYPE:

TEST REF :

WOODEN JOIST

(a) 11(b)-(34b); (b) ll(b)-(34f); 17-(9a)

DESCRIPTION: (a) 3- by 7-in, wooden joists, 24 in. on centers. On the

floor side, 1-in.-thick wood flooring nailed to joists, linoleum floor

covering. On the ceiling side, 1 3/8-in, layer of lath, reeds and plaster.

(b) Similar to (a) except coco matting replaced linoleum.

Total thickness: 9 1/2 in.

Area weight: approximately 12 lb/ft2

(a) (b)

STC = 39; IIC = 40; Fire Rating: 20 min. (est.) - combustible

STC = 39; IIC = 45; Fire Rating: 20 min. (est.) - combustible

MARES: The airborne STL measurements were mAda without floor coverings;

however, these provide little additional airborne sound insulation, and the

data are applicable to the above structures. The plotted curve represents

the average of field measurements of seven nominally identical structures.

The shaded area indicates the spread of the measurements. Each plotted ISPL

curve represents the results of field measurements of one structure.
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MEE: WOODEN JOIST

TTOr FE?: 6-(FIT 2)

DESCRIPTION: 2- by 8-in, wooden joists 16 in. on centers. On the floor

side, 1/2-in.-thick C-D plywood nailed 8 in. on centers to joists, 25/32-in.-

thick hard wood flooring on plywood. On the ceiling side, 1/2-in.-thick

gypsum wallboard nailed 6 in. on centers to joists; all joints taped and

finished; ceiling tile adhered to gypsum board.

Total thickness: 10 1/4 in.

Area weight: 9.9 lb/ft2

STC = 39; IIC = 37; Fire Rating: 1 hr. - combustible

REMARKS: The airborne sound insulation measurements were made without

the ceiling tile. The above measurements were conducted in the field.
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TYPE: WOODEN JOIST

nor REF: (a) 6-(FIT 8); (b) 6-(FIT 8)

DESCRIPTION: (a) 2- by 8-in, wooden joists 16 in. on centers. On the floor

side, 1 1/2-in.-thick tongue-and-groove wood fiber board nailed to joists,

vinyl tile floor covering. On the ceiling side, 1/2-in.-thick gypsum wallboard

nailed 6 in. on centers to joists. All joints taped and finished.

(b) Similar to (a) except fiber board was covered with carpet and

pad.

Total thickness: 10 in.

Area weight: 9.2 lb/ft2

(a) STC = 29; IIC = 32; Fire Rating: Not available

(b) /IC me 56

MARKS: The airborne sound insulation measurements (in 1/1-octave bands)

were made without floor coverings; however, these provide little additional

airborne sound insulation, and these data are applicable to the above struc-

tures. The plotted curves are the results of field measurements.
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tWA` 'P1,444,040,

TYR: WOODEN JOIST

TEW REF: (a) 3-(723-A); (b) 3-(724-A)

DESCRIPTION: (a) 2- by 10-in, wooden joists 16 in. on centers. On the floor

side, 1 11/32- by 23 114-in. compressed homogeneous paper pulp building board

(approximate density 26.1 lb/ft3) nailed 8 in. on centers perpendicular to the

joists, 1/8-in.-thick hardboard glued to building board, a single layer of

15 lb felt building paper glued to hardboard, and 1/8- by 9- by 9-in, vinyl

asbestos tile glued to felt paper. On the ceiling side, 1/2-in.-thick gypsum

wallboard nailed 12 in. on centers, with all joints taped and finished.

Total thickness: 12 114 in.

Area weight: 8.4 lb/ft2

(b) Similar to (a) except the wooden joists were 24 in. on

centers and the building board was 1 27/32 in. thick.

Total thickness: 12 3/4 in.

Area weight: approximately 9 lb/it2 (Not specified in reference.)

(a)

(b)

STC = 35; IIC = 39; Fire Rating: 1/2 hr. (est.) - combustible

IIC = 43

MOO: The STL measurements were made without the hardboard, felt

paper and tile. See F-37 for variation in floor covering.

F-36
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TYRE: WOODEN JOIST, CARPET AND PAD

TEW FE?: (a) 3-(723-8); (b) 3-(724-B)

DESCRIPTION: (a) 2- by 10-in, wooden joists 16 in. on centers. On the

floor side, 1 11/32- by 23 1/4-in, compressed homogeneous paper pulp building

board (approximate density 26.1 lb/ft
3
) nailed 8 in. on centers perpendicular

to the joists; building board covered with a foam rubber carpet pad and nylon

carpet. The carpet pad had an uncompressed thickness of 114 in., backed with

A woven jute fiber cloth. The nylon carpet had 1/8-in.-thick woven backing and

1/4-in.-thick looped pile spaced 7 loops per inch with a total thickness of

318 in. On the ceiling side, 1/2-in, gypsum wallboard nailed 12 in. on centers.

Total thickness: 12 1/2 in.

Area weight: 9.2 lb/ft2

(b) Similar to (a) except the wood joists were 24 in. on centers

and the building board was 1 27/32 in. thick.

Total thickness: 13 in.

Area weight: approximately 10 lb/ft2 (Not specified in reference.)

STC = 38; IIC = 57; Fire Rating: 1/2 hr. (est.) - combustible

IIC 57

MARKS, See F-36 for variation in floor covering.
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TYPE: WOODEN JOIST

ilurr FER: (a) 3-(728-A); (b) 3-(728-B)

DESCRIPTION: (a) 2- by 10-in, wooden floor joists spaced 16 in. on centers.

5/8-in, fir plywood subfloor nailed to joists 8 in. on centers; 1/2-in.

plywood underlayment nailed to subfloor with joints staggered to miss joints

of the subfloor; 1/8- by 9- by 9-in, vinyl asbestos tile glued to underlayment.

On the ceiling side, 1/2-in. gypsum wallboard nailed 12 in. on centers with

all jlints and nailheads taped and finished.

Total thickness: 11 3/4 in.

Area weight: 9.0 lb/ft2

(b) Similar to (a), except a 1/4-in.-thick foam rubber pad

and 3/8-in.-thick nylon loop carpet replaced vinyl asbestos tile. The rubber

pad was backed with a woven jute fiber cloth and was 1.erforated to approximately

half its depth with holes 1/8 in. in diameter and spaced 3/4 in. on centers.

The carpet had 1/8-in, woven backing and 1/4-in, looped pile spaced 7 loops per

inch.

Total thickness: 12 1/4 in.

(a)

(b)

STC m 37; IIC m 33; Fire Rating: 1/2 hr. (est.) - combustible

IIC m 53
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TYPE : WOODEN JOIST

TEM RIO?: (a) 13-(6412-7); (b) 13-(6412-10)

DESCRIPTION: (a) 2- by 10-in, wooden joists 16 in. on centers. On the floor

side, 1/2-in.-thick plywood subfloor nailed 6 in. on centers along edges and

10 in. on centers in field, building paper Underlayment, 25/32- by 2 1/4-in.

oak wood flooring nailed at each joist intersection and midway between joists.

On the ceiling side, 5/8-in.-thick gypsum wallboard nailed 6 in. on centers to

joists; all joints taped and finished.

Total thickness: 11 7/8 in.

Area weight: approximately 9.5 lb/ft2 (Not specified in reference.)

(b) Similar to (a) except the gypsum wallboard was screwed

12 in. on centers to resilient channels spaced 24 in. on centers perpendicular

to joists.

Total thickness: approximately 12 3/8 in.

Area weight: approximately 9.6 lb/ft2 (Not specified in reference.)

MWWWWWIL 40W101101101M10101101011010101101010WWWWWW

4,04/000/0/70AFA I I 6. 1.\\M 1.\\\\N
W.2 VA MAMAP.0. rArA rff

(a) (b)

(a) STC = 37; IIC = 32; Fire Rating: 1 hr. (eat.) - combustible

(b) STC = 47; TIC = 39; Fire Rating: 1 hr. (est.) - combustible

REMARKS : CAUTION - These measurements were conducted in the laboratory

where structure-borne flanking transmission was negligible, Resiliently hung

ceiling structures in field installations cannot perform as effectively unless

flanking paths along vertical walls are minimized. (See text.)
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TYPE: WOODEN JOIST WITH INSULATION

TWT REF: (a) 13-(6412-6); (b) 13-(6412-3)

resmurrIcw: (a) 2- by 10-in, wooden joists 16 in. on centers with 3-in.-

thick mineral fiber batts stapled between joists. On the floor side, 1/2-in.-

thick plywood subfloor nailed 6 in. on nenters along edges and 10 in. on centers

in field, building paper underlayment, 25/32- by 2 1/4-in, oak wood flooring

nailed at each joist intersection and midway between joists. On the ceiling

side, 5/8-in.-thick gypsum wallboard nailed 6 in. on centers to joists; all

joints taped and finished.

Total thickness: 11 7/8 in.

Area weight: approximately 10.0 lb/ft2 (Not specified in reference.)

(b) Similar to (a) except the gypsum wallboard was screwed

12 in. on centers to resilient channels spaced 24 in. on centers perpendicular

to joists.

Total thickness: approximately 12 3/8 in.

Area weight: approximately 10.1 lb/ft2 (Not specified in reference.)

1ALALIk\\11111010011\111.11111-WILN .1111.11111011001LIL11:1611CWIL

worAgrAnwomir wwwwwwwwww%
wan" prom mi or "ma coom

(a) (b)

(a)--- STC = 40; IIC = 32; Fire Rating: 1 hr. (est.) - combustible

(b) STC = 49; IIC = 46; Fire Rating: 1 hr. (est.) - combustible

REMARKS : CAUTION - These measurements were conducted in the laboratory

where structure-borne flanking transmission was negligible. Resiliently hung

ceiling structures in field inctallations cannot perform ds effectively unless

flanking pathe along vertical wallE are minimized. (See text.)
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TYPE: WOODEN JOIST, CARPET AND PAD

TEW REF: (a) 13-(6412-8); (b) 13-(6412-9)

DESCRIPTION: (a) 2- by 10-in, wooden joists 16 in. on centers. On the

floor side, 1/2-in.-thick plywood subfloor nailed 6 in. on centers along edges

and 10 in. on centers in field, building paper underlayment, 25/32- by 2 1/4-in.

oak wood flooring nailed at each joist intersection and midway between joists;

carpet, 44 oz/yd2, with hair felt pad, 40 oz/yd2, placed on wood flooring. On

the ceiling side, 5/8-in.-thick gypsum wallboard nailed 6 in. on centers to

joists; all joints taped and finished.

Total thickness: approximately IA. 1/2 in.

Area weight: approximately 10.0 lb/ft2 (Not specified in reference.)

(b) Similar to (a) except the gypsum wallboard was screwed

12 in. on centers to resilient channels spaced 24 in. on centers perpendicular

to joists.

Total thickness: approximately 13 in.

Area weight: approximately 10.1 lb/ft2 (Not specified in reference.)

1101111. 11011L 11.7110101101511.1101. WIVILIIL'111:11:11.11101M.W1110110l

IMOMMAIMMIIIIWOMI4
(b)

ETC 38; IIC 56; Fire Rating: 1 hr. (est.) - combustible

STC 47; IIC = 66; Fire Rating: 1 hr. (est.) - combustible

RENARES : CAUTION - These measurements were conducted in the laboratory

where structure-borne flanking transmission %as negligible. Resiliently hung

ceiling structures in field installations cannot perform as effectively unless

flanking paths along vertical walls as..e minimized. (See text.)
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TIME: WOODEN JOIST WITH INSULATION, CARPET AND PAD

timer REF: (a) 13-(6412-5); (b) 13-(6412-4)

DESCRIPTION: (a) 2- by 10-in, wooden joists 16 in, on centers with 3-in.-

thick mineral fiber batts stapled between joists. On the floor side, 1/2-in.-

thick plywood subfloor nailed 6 in. on centers along edges and 10 in. on

centers in field, building paper underlaymInt, 25/32- by 2 I/4-in, oak wood

flooring nailed at each joist intersection and midway between joists; carpet,

44 oz/yd2, with hair felt pad, 40 oz/yd2, placed on flooring. On the ceiling

side, 5/8-in.-thick gypsum wallboard nailed 6 in. on centers to joists; all

joints taped and finished.

Total thickness: 12 1/2 in.

Area weight: approximately 10.5 lb/ft
2

(Not specified in reference.)

(b) Similar to (a) except gypsum wallboard was screwed 12 in.

on centers to resilient channels spaced 24 in. on centers perpendicular to

joists.

Total thickness: approximately 13 in.

Area weLght: approximately 10.6 lb/ft
2

(Not specified in reference.)

(a)

(b)

1101107110111101011L1111011010111.7111111.111110101011..\111110

)7/7777/177;77777777777772771

(a) (b)

STC = 39; IIC = 58; Fire Rating: 1 hr. (est.) - combustible

.STC = 50; tIC = 70; Fire Rating: 1 hr. (est.) - combustible

REMIKS : CAUTION - These measurements were conducted in the laboratory

where structure-borne flanking transmission was negligible. Resiliently hung

ceiling structures in field installatinns cannot perform as effectively unless

flanking paths along vertical walls are minimized. (See text.)
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TYPE: WOODEN JOIST

Inn REF: 6-(WIT 3)

DESCRIPTION: 2- by 10-in, wooden joists 16 in. on centers. On the floor

side, 1/2-in.-.Lhick plywood subfloor nailed 6 in. on centers to joists,

approximately 318-in.-thick fibered glass board adhered to plywood subfloor,

1/2-in.-thick tongue-and-groove plywood underlayment stapled 12 in. on centers

along the joints; approximately 1/2-in.-thick oak wood flooring on plywood

underlayment. On the ceiling side, 1/2-in.-thick gypsum wallboard nailed

6 in. on centers to joists. Joints of gypsum board taped and finished.

Total thickness: 12 3/8 in.

Area weight: 10.7 lb/ft2

11101101%.1.1IMAILIIL 1.1L1111.11.1110ILILILIMM

STC = 41; IIC = 38; Fire Rating: 45 min. (est.) - combustible

REMARKS: Our information indicates some slight differences between

individual structures measured for airborne and impact sound insulation

respectively; however, these differences should not affect the results

significantly.
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TYPE : WOjA)EN JOiST, ICSILIENT CETLINC

TEST REX: 3-(717)

DESCRIPTION: 2- by 8-in v-Joden joists 16 in. on centers. On the floor

side, 3/4-in.-thick wood subfloor, a layer of building paper, and 3/4-in.-thick

tongue-and-groove fir iinish floorkng. On th .. side, resilient runners

bridged across joists and nailed 12 in. on centers to the joists; 518-in.-thick

gypsum wallboard screwed to resilient runners, with all joints taped and

finished.

Total thickness: approximately 10 1/2 in.

Area weight: 10.1 lb/ft2

1111011011.
.11110101111

STC = 45; IIC is 44; Fire Rating: 45 min. (est.) - combustible

REMARKS: CAUTION - These meaturements were conducted in the laboratory

where structure-borne flanking transmission was negligible. Resiliently hung

ceiling structures in field installations cannot perform as effectively unless

flanking paths along vertical walls are minimized. (See text.)
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TYPE: WOODEN JOIST WITH INSULATION, RESILIENT CEILING

TEST REF: (a) 8-(224-2-65, 224.-1-65); (b) 8-(224-4-65, 224-3-65)

DESCRIPTION: (a) 2- by 8-in, wooden oists 16 in. on centers with 3-in.-thick

fibered glass blankets stapled between joists. On the floor side, 5/8-in.

tongue-and-groove, C-D plugged plywood nailed 6 in. on centers along periphery

and 10 in. on centers at other bearings, 3/8-in.-thick A-C plywood underiayment

stapled 6 in. on centers, 0.075-ir.-thick vinyl sheet floor covering. On the

ceiling side, resilient channels 24 in. on centers screwed perpendicular to

joists, 5/8-in. gypsum board sv:ewed 12 in. on centers to channels. All joints

taped and finished with the entire periphery caulked and sealed.

Total thickness: approximately 10 118 in.

Area weight: 8.9 lblft

(b) Similar to (a) except the 3/8-in, plywood underlayment

and vinyl sheet were replaced with an all-hair pad (40 oz/yd
2
) and an all-wool

pile (444 oz/yd2) carpet. The total weight of the carpet was 4.14 lb/yd2 and

the total thickness was 3/8 in.

Total thickness: approximately 10 1/2 in.

Area weight: 8.6 lb/ft2

NNW MIND IMO AMMO WIENS *Mae WINO VMMIO

A 56 0 Z & IA &WM OW !A 0 Z Z&ZOW

Ana
MiammOmMill

41:07/ Alf

STC = 45; IIC = 44; Fire Rating: 1 hr. (est.) - combustible

STC = 47; IIC = 69; Fire Rating: 1/2 hr. (est.) - combustible

REMARKS: CAUTION - These measurements were conducted in the laboratory

where structure-borne flanking transmission was negligible. Resiliently hung

ceiling structures in field installments cannot perform as effectively unless

flanking paths along vertical walls are minimized. (See text.)

F-45

(,)



70

50

40

CD
2C

CD 3060

=ma
Ara
210.4 1

20
125 250 500 I K

ors. , ww, ,

...
1....
a
M'

i I f I I V- I I V 1 i 11/ 1 rv .
.1..

m.
10

on

al

MI

a
a
a
...
a
a

0
0

ml

alW

ow

a

a

a
WM
low

a

a

#ft
##

......

........

a
a
a
a

MS.

a
a
-
MI

WIMIMIpow

ar
r
loomr
or

or 1
1

II
1

#
1

1
1

1
1
1

1

a
4,
a/

.1

orm.
rr
r

..r
aP
la
Ow

a

worm
rr
r
a

al..
a
a

75

65

45

35

25
125 250 500 IK

FREQUENCY, Hz

2K 4K

,..

r

r 1r i

I

I I I I i v ! 1 1 , 1 l v 1

r
v..

.......

...1

..
mr
ar
.. %

. %

...
m,....

s. ..,..

r..
I....-
K.-
-

AL I A I _ L A I

%,...

I A I _ ...1 A 1 1..&°1

FREQUENCY, H

*1/3-octave band data normalized to A. = 10m2

F-45

4K



WM: WOODEN JOIST, RESILIENT CEILING

TIOr FER: (a) 3-(718); (b) 3-(719); (c) 3-(720)

DESCRIPTION: (a) 2- by 6-in, wooden floor joists 16 in. on centers. On the

floor side, 5/8-in.-thick plyscore nailed to joists, 1/2-in.-thick wood fiber

board (approximate density 20.0 lb/ft3) stapled to subfloor, 1/2-in.-thick

plywood underlayment glued to fiber board. and 3/32-in.-thick vinyl floor

covering. On the ceiling side, resilient clips, 24 in. on centers, held 1-

by 2-in, furring strips, parallel with joists, to which 5/8-in, gypsum

wallboard was screwed 12 in. on centers; all joints taped and finished.

(b) Similar to (a) except the 1/2-in.-thick plywood underlayment

board and the 1/2-in.-thick wood fiber board were nailed directly to the

5/8-in.-thick plyscore subfloor.

Total thickness: approximately 10 in.

Area weight: 9.3 lb/ft2

(c) Similar tc (a) except the resilient clips were omitted and

the 5/8-in. gypsum wallboard was nailed, 7 in. on centers, directly to the

floor joists. All joints taped and finished.

Total thickness: 8 3/8 in.

Area weight: 9.5 lb/ft2

(a)
(b)

smormanmasnomatatelivmnomum lot tortemasmawaso
eFTAII.-:":,ti' 1.1%7'. k:

MI/MW JAMW
gNMOMMIS

(a) (b) (c)

STC = 52; IIC = 48; Fire Rating: 45 min. (est.) - combustible

STC = 50; IIC 47; Fire Rating: 45 min. (est.) - combustible

(c)-- --STC = 38; IIC m 34; Fire Rating: 1/2 hr. (est.) - combustible

FINA MKS : CAUTION - These measurements were conducted in the laboratcry

where structure-borne flanking transmission was negligible. Resillenzly hung

ceiling structures in field installations cannot perform as effectively unless

flanking paths along vertical walls are minimized. (See text.)
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TYPE: WOODEN JUST WITH INSULATION, SEPARATE CEILING JOIST

TEW REF: 6-(FIT 6)

DESCRIPTION: 2- by 8-in, wooden joists 16 in. on centers with approximately

3-in.-thick fibered glass blankets stapled between joists. On the floor side,

1/2-in.-thick plywood subfloor nailed 8 in. on centers to joists, 25/32-in.-

thick oak wood flooring on plywood. On the ceiling side, 2- by 4-in, wooden

ceiling joists, 24 in. on centers, staggered between floor joists; 1/2-in.-

thick gypsum wallboard nailed to neiling joists. Joints of gypsum board taped

and finished.

Total thickness: approximately 11 314 in.

Area weight: 13.0 lb/ft2

11:101111011.."1111111111011LIMOILIII1111111101111L.111.111.111.

asm,b11-4

ci

MIAIMAPFAIMIEMMIPLIMINIIMMM

MOWWWWIIIMWMMO

STC = 44; IIC = 43; rtre Rating: 1/2 hr. (est.) - combustible

MOM: These measurements were conducted in the field. Exact

dimensions of some components not clearly specified in reference.
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TYPE: WOODEN JOIST, CARPET AND PAD, INSULATED HANGING CEILING

TEST REF: 8-(224-14-65, 224-15-65)

DESCRIPTION: 2- by 8-in, wooden joists 16 in. on centers. On the floor side,

1 1/8-in.-thick regular C-D rough plywood nailed 6 in. on centers along periphery

and 16 in. on centers at other bearings, plywood covered with an all-hair pad

(40 oz/yd2) and an all-wool pile (44 oz/yd2) carpet. The total weight of the

carpet was 4.14 lb/yd
2

and the total thi:kness was 3/8 in. On the ceiling

side, 2- by 4-in, wooden joists 16 in. on centels staggered 8 in. on centers

relative to the floor joists, 3-in.-thick fibered glass blankets stapled

between ceiling joists, 518-in.-thick gypsum wallboard nailed to ceiling

joists. All joints taped and finished and the entire periphery of the panel

caulked and sealed. The ceiling was supported independently from the floor

structure.

Total thickness: approximately 12 3/8 in.

Area weight: 10.7 lb/ft
2

li v Av
A.,/r/ MAI ,1140ZIAMO

STC = 52; IIC = 80; Fire Rating: 45 min. (est.) - combustible

F -48



BO

CD 70NM
%wale

OM*

4011

ac 50
oic
eig1.
CD
ME
110
CD 4000

*
#Mlb

30
125

BO

OD
Ma
....no 50

250 500 IK 2K

FREQUENCY, Hz

4K

I V I I V I - I V I I V I I V I

flw

20

10
125

I A I I A I I A l

250 500 IK 2K

FREQUENCY, Hz

*1/3-octave band data normalized to A, = lem
2

F-48

4K



TYPE: WOODEN JOIST, CONCRETE WITH CARPET AND PAD

mir 8-(224-30-65, 224-29-65)

DESCRIPTION: 2- by 8-in, wooden joists 16 in. on centers. On the floor

side, 5/8-in.-thick tongue-and-groove, C-D pluned plywood nailed 6 in. on

centers along periphery and 10 in. on centers at other bearings, 1 5/8-in.-

thick perlite sand concrete, approx. 72 1b/ft
3

over 4 mil polyethylene film

on plywood, concrete covered wtth an all-hair pad (40 oz/yd
2
) and an all-wool

pile (44 oz/yd2) carpet. The total weight of the carpet was 4.14 lb/yd2 and

the total thickness was 3/8 in. On the ceiling side, 5/8-in.-thick gypsum

wallboard nailed to joists. All joints taped and finished and the entire

periphery of the panel caulked and sealed.

Total thickness: approximately 11 1/2 in.

Area weight: 18.4 lb/ft
2

1,-1,
7." r 4 :. ..: :0

::.:(.4 .. i...#: 0. 4... . Ap. . . 6. .. I..9.

11111IWIIIMNIMIIIMINAMMINNIA
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STC = 47; IIC = 66;Fire Rating: 45 min. (est.) - combustible
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TYPE: WOODEN JOIST WITH INSULATION, CONCRETE FLOOR, RESILIENT CEILING

TEST REF: (a) 8-(224-31-65, 224-34-65); (b) 8-(224-28-65, 224-27-65);
(c) 8-(224-22-65, 224-23-65)

DESCRIPTION: (a) 2- by 8-in, wooden joists 16 in. on centers with 3-in.-thick
fibered glass blankets stapled between joists. On the floor side, 5/8-in.
tongue-and-grooved plywood nailed 6 in. on centers along periphery and 10 in.,

eon centers at other bearings, 1 5/8-in.-thick perlite sand concrete, 72 lb/f,
slab over 4 mil polyethylene film on plywood, 0.075-in, vinyl shtet glued to
concrete slab. On the ceiling side, resilient channels screwed perpendicular
to joists 24 in. on centers, 5/8-in. gypsum wallboard screwed 12 in. on centers
to channels; all joints taped and finisLed and the periphery caulked and sealed.

Total thickness: approximately 11 3/8 in.

Area weight: 17.9 lb/ft2

(b) Similar to (a) except the vinyl sheet was replaced with an
all-hair pad (40 oz/yd2) and an all-wool pile (44 oz/yd2) carpet. The total
weight of the carpet was 4.14 lb/yd2 and the total thickness was 3/8 in.

Total thickness: approximately 1: la.

Area weight: 20.3 lb/ft2

(c) Similar to (b) except 1 5/8-in, foamed concrete, 100 lb/ft
3

,

slab was used.

Total thickness: approximately 12 1/8 in.

Area weight: 22.1 lb/ft2

tliwriNtwolimmskymmumWM! le .edrolf12

(b)&(c) (a)

(a) STC = 50; IIC = 47;Fire Rating: 45 min. (est.) - combustible

(b) STC = 53; IIC = 74

(c) -STC = 46; IIC = 85

BMWS : CAUTION - These measurements were conducted in the laboratory
where structure-borne flanking transmission was negligible. Pasiliently hung
ceiling structures in field installations cannot perform as effectively unless
flanking paths along vertical walls are minimized. (See text.)
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WEE: WOODEN JOIST, FLOATING FLOOR

'nor REF: (a) 1-(S311, S312); (b) 1-(5407-S410)

DESCRIPTION: (a) 2- by 8-in, wooden joists 16 in. on centers. On the Door

side, 7/8-in.-thick tongue-and-groove wood flooring on approximately 1-in.-

thick bitumen-bonded glass-wool quilt, 1- by 2-in, wooden battens nailad to

underside of wood flooring midway between the joists. On the ceiling side,

1/2-in, layer of plaster on expanded metal lath.

Total thickness: approximately 10 in.

Area weight: 13 lb/ft
2

(b) Similar tc (a) except there was a 2-in, layer of sand,

96 lb/ft
3

, between joists.

Total thickness: approximately 10 in.

Area veight: 30 lb/ft
2

11101111111101111111."110111011011

(a)opoommoommoaPSTC = 46; IIC m 46; Fire Rating: 45 min. (est.) - combustible

WIWAMOMINIMMIsI. 50; IIC al 57; Fire Rating; 45 min. (est.) - combustible

MIMS: The plotted curves are the average values of field measurements

of four nominhlly identical structures of type (a) and of el^ht nominally

identical structures of type (b). The shaded areas ivdicate the spreads of

.the reasurements.
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TINE: WOODEN JOIST WITH ERSULATION, FLOATING FLOOR, RESILIENT CEILING

TEST REF : 8-(224-10-65, 224-9-65)

DESCRIPTION: 2- by 8-in. wooden joists 16 in. on centers with 3-in.-thick

ftbered glass blankets stapled between joists. On the floor side, 1/2-in.

square-edged C-D rough plywood nailed 6 in. on centers along periphery and

ID in. on centers at ccher bearings, 1/2-in, cane fiber board stapled 24 in.

on centers to plywood, 2- by 3-in, furring strips glued 16 in. on centers to

fiber board parallel to and midway between joists, 25/32-in.-thick wood strip

flooring. On the ceiling side, resilient channels, 24 in. on centers, screwed

perpendicular to joists, 5/8-in. gypsum wallboard screwed 12 in. on centers to

channels. All joints taped and finished and the entire periphery of the panel

caulked and sealed.

Total thickness: approximately 12 3/4 in.

Area weight: 13.0 lb/ft
2

....-..........wa....-Iimmea......
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lagrAWAgeredr AK/ AM 01/# A'

STC = 52; IIC = 51, Fire Rating: 45 min. (est.) - combustible

REMMRKS4 CAUTION - These measurements were conducted in the laboratory

where structure-borne flanking tranamiEsion was negligible. Resiliently hung

ceiling structures in field installations cannot perform as effectively unless

flanking paths along vertical walls are minimized. (See text.)
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TNI1E: WCODEN JOIST WITH INSULATION, FLOATING FLOOR, RESILIENT CEILING

MT RE?: (a) 8-(224-6-65, 224-5-65); (b) 8-(224-8-65, 224-7-65)

DESCRIPTION: (a) 2- by 8-in, wooden joists 16 in. on centers with 3-in.-thicl

fibered glass blankets stapled between joists. On the floor side, 1/2-in.

plywood nailed 6 in. on centers along periphery and 16 in. on centers at other

bearings, 1/2-in, cane fiber board stapled 24 in. on centers to plywood, 2- by

3-in, furring strips glued 16 in. on centers to fiber board parallel to and

midway between joists, 5/8-in. tongue-and-groove, C-D plugged plywood underlay-

ment nailed 6 in. on centers at edges and 10 in. on centers at other bearings,

.075-in, vinyl sheet adhered to underlayment. On the ceiling side, resilient

channels, 24 in. on centers, screwed perpendicular to joists, 5/8-in, gypsum

wallboard screwed 12 in. on centers to channels. All joints taped and finished

and the periphery of the panel caulked and sealed.

Total thickness: 12 3/4 in.

Area weight: 10.9 lb/ft2

(b) Similar to (a) except the vinyl sheet was replaced with an

all-hair pad (40 oz/yd2) and an all-wool pile (44 oz/yd2).carpet. The total

weight of the carpet was 4.14 lb/yd2 and the total thickness was 3/8 in.

Total thickness: approximately 13 1/2 in.

Area weight: 11.7 lb/ft2

1
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(a)

(a) STC = 52; IIC = 49; Fire Rating: 45 min. (est.) - combustible

(b) STC 51; IIC = 78

AMMO: CAUTION - These measurements were conducted in the laboratory

where structure-borne flanking transmission was negligible. Resiliently hung

ceiling structures in field installations cannot perform as effectively unless

flanking paths along vertical walls are minimized. (See text.)
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WEE: STEEL JOIST

nor FE?: (a) 3-(721-A); (b) 3-(722-A)

DESCRIPTION: (a) 8-in, steel joists 16 in. on centers. (Joists had 2-in.lk

wide support flanges at top and bottom, 2 1/4-in, diameter holes 30 in. on

centers in 1/16-in.-thick body.) On the floor side, 1 11/32- by 23 1/4-in.

compressed homogeneous paper pulp building board (approximate density

26.1 lb/ft
3) nailed 8 in. on centers perpendicular to the joists, 1/8-in.-

thick hardboard glued to building board, a single layer of 15 lb felt building

paper glued to hardboard, and 1/8- by 9- by 9-in, vinyl asbestos tile glued

to felt paper. On the ceiling side, 1/2-in.-thick gypsum wallboard nailed

12 in. on centers with all joints taped and finished.

Total thickness: 10 1/8 in.

Area weight: approximately 8.5 lb/ft2 (Not specified in reference.)

(b) Similar to (a) except the steel joists were 24 in. on

centers and the building board WAS 1 27/32 in. thick.

Total thickness: ID 5/8 in.

Area weight:. approximately 9 lb/ft2 (Not specified in reference.)

(a) STC = 35-38 (est.); IIC = 40; Fire Rating: Not available

IIC = 45; Fire Rating: Not available

REMARKS : STC estimated on basis of measurements of similar structures

with 2- by 10-in, wooden joists replacing steel joists. See F-36 and F-37.
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TYPE: STEEL JOIST, CARPET AND PAD

nor REY: (a) 3-(721-B); (b) 3-(722-B)

DESCRIPTION: (a) 8-in, steel joists 16 in. on centers. (Joists same as

those used in previous report.) On the floor side, 1 11/32- by 23 1/4-in.

compressed homogeneous paper pulp building board (approximate density 26.1

lb/ft3) nailed 8 in. on centers perpendicular to the joists; building board

covered with a foam rubber carpet pad and nylon carpet. The carpet pad had

an uncompressed thickness of 1/4 in., backed with a woven jute fiber cloth.

The nylon carpet had 1/8-in, woven backing and 1/4-in, looped pile spaced

7 loops per inch with a total thickness of 3/8 in. On the ceiling side,

1/2-in.-thick gypsum wallboard nailed 12 in. on centers with all joints

taped and finished.

Total thickness: 10 1/2 in.

Area weight: approximately 9 lb/ft2 (Not specified in reference.)

(b) Similar to (a) except the steel joists were 24 in. on

centers and the building board was 1 27/32 in. thick.

Total thickness: 11 in.

Area weight: approximately 10 lb/ft
2

(Not specified in reference.)

(a) (b)

(a) STC = 35-38 (est.); IIC = 58; Fire Rating: Not available

(b)
IIC = 63; Fire Rating: Not available

REMMRKS : STC estimated on basis of measureuents of similar structures with

2- by 10-in, wooden joists replacing steel joists. See F-36 and F-37.
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TYPE: STEEL JOIST WITH CONCRETE FLOOR

TEW FIT: (a) 8-(136-6-63, 136-4-63); (b) 8-(136-6-63, 136-5-63)

DESCRIPTION: (a) 2 1/2-in.-thick sand gravel concrete, 148 lb/ft3, on 28

Age corrugated steel units sapported by 14-in, steel bar joists; 1/8-in.-

thick asphalt tile cemented to concrete. On the ceiling side, 3/4-in, furring

channels, 13 1/2 in. on centers, wire-tied to joists, 3.4 lb/yd
2

diamond mesh metal

lath wire-tied to furring channels; 9/16-in, coat of perlite gypsum plaster

with 1/16-in, white-coat finish.

(b)Similar to (a) except the asphalt tile was replaced with a

carpet and felt pad.

Total thickness: 18 9/16 in.

Area weight: 40.9 lb/ft
2

PHIPRIPWAINPRO

(a) -----STC = 49; IIC = 35; Fire Rating: 3 hrs. (est.)

(b) IIC = 64

REMARKS: The airborne STL mmasurements were made without the floor

coverings; however, these provide little additional airborne sound insulation

and the data are applicable to the above structures. See F-57 for similar

structure with perlite concrete.
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TYPE: STEEL JOIST WITH CONCRETE FLOOR

TEST REF: (a) 8-(136-3-63, 136-1-63); (b) 8-(136-3-63, 136-2-63)

DESCRIPTION: (a) 2 1/2-in.-thick perlite concrete, 72 lb/ft3, on 28 gauge

corrugated steel units supported by 14-in, steel bar joists; 1/8-in.-thick

asphalt tile cemented to concrete. On the ceiling side, 3/4-in, furring

channels, 13 1/2 in. on centers, ulre-tied to joists, 3.4 lb/yd
2
diamond

mesh metal lath wire-tied to furring channels, 9/16-in, coat of plaster with

1/16-in, white-coat finish.

(b) Similar to (a) except the asphalt tile was replaced with

a carpet and felt pad.

Total thickness: 18 9/16 in.

Area weight: 23.2 lb/ft
2

(a) STC 47; IIC In 37; Fire Rating: 3 hrs. (est.)

(b). IIC m 59

REMARILS: The airborne STL measurements were made without th2 floor

coverings; however, these provide little additional airborne sound insulation

and these data are applicable to the above structures. See F-56 for similar

structure with sand gravel concrete.
F-57
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TINME: STEEL JOIST, CONCRETE WITH CARPET AND PAD

MT REF: 8-(224-38-65, 224-37-65)

DESCRIPTION: 18-in, steel joists 16 in. on centers. On the floor side,

5/8-in.-thick C-D rough plywood nailed to joists, 1 5/8-in.-thick foamed

concrete, 100 lb/ft
3

, slab construcced on the plywood; concrete covered with

.an all-hair pad (40 oz/yd
2
) and an all-wool Pile (44 oz/yd

2
) carpet. The

total weight of the carpet was 4.14 lb/yd
2
and the total thickness was 3/8 in.

On che ceiling side, 5/8-in.-thftk gypsum wallboard naile4 to joists. All

joints taped and finished and the entire periphery of the panel caulked and

sealed.

Total thickness: approximately 21 1/2 in.

Area weight: 20.4 lb/ft
2

... ... .. .

11IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMA
0

0

STC = 47; IIC = 62; Fire Rating: 1 hr. (est.) - combustible
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TYPE: CONCRETE SLAB ON STEEL JOISTS

TEM' REF: (a) 3-(725); (b) 3-(726); (c) 3-(727)

DESCRIPTION: (a) 7-in, steel bar joists spaced 27 in. on centers. On the

floor side, 3/8-in, metal rib lath attached to top of joists, and 2-in.-thick

poured concrete floor. On the ceiling side, resilient clips attached to

joists held 3/4-in, metal furring channels 16 in. on f!caters; 3/8- by 16- by

48-in, plain gypsum lath held with wire lips and sheet metal end joint clips;

7/16-in, sanded gypsum plaster and 1/16-in, white-coat finish.

Total thickness: approximately 12 in.

Area weight: 40.2 lb/ft2

(b) Similar to (a), except different resilient clips held

the 3/4-in, metal furring channels.

Total thickness: approximately 11 1/2 in.

Area weight: S.0.2 lb/ft2

(c) Similar to (a), except the 3/4-in, metal furring channels

were wire-tied directly to the bottom of the joists.

Total thickness: approximately 11 in.

Area weight: 38.2 lb/ft
2

, /// ',//// mcets.witneesvrbommtotowa472-
07,50.109,11.51Y1i441.7P-07111Gekft4,65KMON/z.

,ronon,,,,z.m..wcave,r-awKs.o.nued9W

(a) STC = 48; IIC = 32; Fire Rating: 1 1/2 hrs. (est.)

(b) STC = 51; IIC = 35

(c)-----STC = 48; IIC = 33

F-59



7

6

4

CB

3

/1=911,1nrrinrIrlinV71.11,111n"Wnr
me

ma

a
a
MN.
a
Ima

wr

a..
IMIll

a
a
al.

)w.

1...
pm..

IS '4omb

\,

...
IIIIIIII

k
IL.

IL.
IL., Ii2

IPIII

al

.
......

)

Fa
MI=

W

-
Ms

.....
ea

I/I
*

*
*

// ..,01

.. -.re

//
.
onl

Ma
-.
a
al

)
W

No

a
la

/Ma
no

10

W

PM

0
al
a
al

OM

a
al
410

al

0 _
-
-
5
NEW.
IMO

W

I. 1 Ai _ IAl _ lAll lAt IAI

.

.

.

.
M.

.1

0..i
0'

125 250 500 IK 2K 4

15

75

4

3
125

FREQUENCY, Hz

.
/WO

=.
W

w

I . r- 1 . I 1VI

diOUW....

IV,

\

IVII ,

4MMI

al

al.
el

No

W

m.
WMr
a

id.ONAWANAIMANNIadignagigh""/LI
rr
lam..
"r

.... de

0 o

//
04"N

I

0
m.
a%

Ng:\ emu
tt :.

..
dm

am
a
a
mu

a

rm.

1.
W

a
MD
W
W.
W

V a
a
40

MEI

0
a.
a

1 a

I, IA1 LAI _ lAl 11A1

a4

_ IlAl
... .

250 50

FREQUENCY, Hz

*1/1-octave band data normalized to Ao = 10m
2

F-59

4K



TI1ME: CONCRETE SLAB ON STEEL JOISTS WITH FLOOR COVERINGS

TIST REF: (a) 3-(727); (b) 3-(727-A); (c) 3-(727-B); (d) 3-(727-D)

DESCRIPTION: (a) 7-in, steel bar joists spaced 27 in. on centers. On the

floor side, 3/8-in, metal rib lath attached to top of joists, and 2-in.-thick

poured concrete floor. On the ceiling side, 3/4-in, metal furring channels

wire-tied to joists 16 in. on centers; ?/8- by 16- by 48-in, plain gypsum

lath held with wire clips and sheet metal end joint clips; 7/16-in, sanded

gypsum plaster and 1/16-in, white-coat finish.

Total thickness: approximately :1 in.

Arta weight: 38.2 lb/ft2

(b) Structure (a) with 1/8-in.-thick vinyl asbestos tile

glued to concrete floor.

Total thickness: approximately 11 1/8 in.

(c) Structure (a) with nylon carpeting and foam rubber pad

placed on the floor. The carpet pad had an uncompressed thickness of 1/4 in.,

backed with a woven jute fiber cloth. The carpet had 1/8-in, woven backing

and 1/4-in, looped pile spaced 7 loops per inch with a total thickness of 3/8 in.

Total thickness: approximately 11 5/8 in.

Area weight: 39.0 lb/ft2

(d) Structure (a) with 1/4-in.-thick cork tile glued to

concrete floor.

Total thickness: approximately 11 1/4 in.

(a)

(b)

STC = 48; IIC = 33; Fire Rating: 1 1/2 hrs. (est.)

IIC = 38

(c)-----STC = 46; IIC = 74

IIC P 47

REMARKS: See preceding data sheet for variations in ceiling application.
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TYPE: STEEL JOIST WITH INSULATION, CARPET AND PAD, RESILIENT CEILING

TEST REF: 8-(224-36-65, 224-35-65)

DESCRIPTION: 18-in, steel joists 32 in. on centers with 3-in.-thick fibered

glass blankets placed betweln joists. On the floor side, 1 1/8-in.-thick

tongue-and-groove plywood (grademarked 2-4-1) nailed to joists; plywood

covered with an all-hair pad (40 oz/yd
2
) and an all-wool pile (44 oz/yd

2
)

carpet. The totaltweight of the carpet was 4.14 lb/yd2 and the total thickness

was 3/8 in. On the ceiling side, resilient furring channels, 24 in. on centers,

screwed perpendicular to joists. 5/8-in.-thick gypsum wallboard screwed 12 in.

on centers to channels. All joints taped and finished and the entire periphery

of the panel caulked and sealed.

Total thickness: approximately 21 in.

Area weight: 10.5 lb/ft2

0

b°.-5 gff'e ) 4On
0

STC = 47; IIC = 69; Fire Rating: 45 min. (est.) - combustible

BMW: CAUTION - These meAsurements were conducted in the laboratory

where structure-borne flanking transmission was negligible. Resiliently hung

ceiling structures in field installations cannot perform as effectively unless

flanking paths along vertical walls are minimized. (See text.)
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INDEX I. Sound Transmission Class of Wall Constructions

Type Code:

a. wooden stud

b. metal stud

c. masonry
d. concrete
e. staggered stud

f. plaster

g. gypsum wallboard

h. wiresilient element

i. absorbent blankets or fill

j. fiber board

k. lead
1. gypsum core board

116 double wall

STC

,63

62*

60*

56

56*

56*

55*

55*

54*

54

54

54*

53*

53

53

53

52*

52*

52

52*

52*

Type

d,f

c,f,j,m W-23

c,d,f,m W-26

W-7

c,f W-8

g,i,l,m W-87

b,g,i

b,g,i

c,f,m

b,f,h

b,e,g,i

g,i,l,m

d,f

c,f,h

a,f,h

b,g,i

d,f,j

c,f

c,f,h

c,f,h,i

c,f,m

Data Sheet No.

W-4

W-62 (b)

W-63

W-22 (b)

W-52

W-68 (a)

W-86

W-2

W-15 (b)

W-41 (d)

W-66

W-3

W-6

W-18 (b)

W-20

W-25

STC TYPe

52

52* blE1.1

52 b,g,i

52* b,g,i

52 b,e,g,i

51 c,f,h

51 a,f,h

51 b,f

51 b,g,h,i

51 g,l,m

50 c,k

50 a,f,h

50* bat.,

50* blEsj

50 b,g,i

50 g,i,l,m

49 c,f,h

49* c,f,m

48 c,d

48 a,g,k

48 a,s,f,i

48 a,g,h

48 a,f,h

*Field masurement.

5

Data Sheet No.

W-41 (a)

W-59

W-61

W-64

W-68 (b)

W-18 (a)

W-41 (b)

W-44 (a)

'W-67

W-83

W-12 (b)

W-41 (c)

W-57

W-58 (a)

W-60

W-85 (b)

W-17 (b)

W-22 (a)

W-9

W-28 (c)

W-36 (b)

W-39 (b)

W-40 (b)



INDEX I. Sound Transmission Class of Wall Constructions (Continued)

Type Code:

a. wooden stud
b. metal stud

c. masonry
d. concrete
e. staggered stud

f. plaster

g. gypsum wallboard

h. w/resilient element
i. absorbent blankets or fill

j. fiber board
k. lead
1. gypsum core board
m. double wall

STC Type Data Sheet No. STC Type

48 b,f,k W-43 (c) 45 c,d

48 b,g W-46 45 c,f

48* b,f,h W-51 (b) 45 c,f,h

48* b,f,h,i W-53 45 a,f,i

48* b,g,i W-65 45 b,f,h

48 b,f W-72 45* b,g,i

45 g,i,l,m

47 W-1
45 g,l,m

47 c,f,h W-17 (a)

47* c,f,h W-19 44

47 a,g,k W-28 (b) 44 a,f

47 a,f,k W-31 (b) 44 a,e,g

47 a,g,h W-39 (a) 44 a,e,g

44 a,e,g

47 b,f W-44 (b)
44 a,f,h

47* b,f,h,i W-48
44* b,f,h

47* b,f,h W-51 (a)
44 g,l,k

47 b,g W-55 (b)

47* b,g W-56 43 c,d

47* b,g,j W-58 (b) 43* c,f,h

47 b,f,m W-73 (a) 43* d,j,m

43* c,f,m

46 c,f W-11 (a)
43 a,e,f

46 c,f,h W-15 (a)

46 a,f W-30 (a) 43 a,e,f

46 a,f W-31 (a) 43 b,f,k

46 a,f,k W-31 (c) 43 b,f,h

46 a,e,g,i W-37 43 b,f,h

46 b,f W-70 (a) 43 b,f

*Field measurement. 6

Data Sheet No.

W-10 (b)

W-11 (b)

W-16

W-38

W-50 (a)

W-62 (a)

W-84

W-85 (a)

W-12 (a)

W-30 (b)

W-34 (a)

W-34 (b)

W-35 (a)

W-40 (a)

W-50 (b)

W-81 (b)

W-10 (a)

W-18 (c)

W-21

W-24

W-35 (b)

W-36 (a)

W-43 (b)

W-47

W-49

W-70 (b)



e

INDEX I. Sound Transmission Class of Wall Constructions (Continued)

. Type Code:

a. wooden stud
b. metal stud

c. masonry
d. concrete
e. staggered stud

111PelMV

f. plaster

g. gypsum wallboard

h. w/resilient element
i. absorbent blankets or fill

j. fiber board
k. lead
1. gypsum core board

m. double wall

STC Type

42* c,f

42 c,f

42 a,f,j

42 b,f

42 b,e,f

41 a,g

41 b,f

41 b,f

41 b,g

40 c,f

40 a,g

39 a,g

39 a,g

39 b,f

39 b,f,i

39 b,g

39 b,f

38 a,g

38 b,f

38 b,g

38* b,f,m

38

38 g,1

*Field measurement.

Data Sheet No.

W-5

W-14 (a)

W-33

W-44 (c)

W-71

W-32 (b)

W-42 (c)

W-43 (a)

W-55 (a)

W-13

W-32 (a)

W-27

WT28 (a)

W-42 (a)

W-42 (b)

W-54 (a)

W-77 (a)

W-27

W-45 (a)

W-54 (b)

W-73 (b)

W-79 (b)

W-81 (a)

7

STC Type

37 a,g

37* b,f

37* b,e,g

37 b,f

37 g,1

Data Sheet No,

W-27

W-45 (b)

W-69

W-75 (a)

W-82 (b)

36 a,g W-29

36 f W-74 (a)

36 b,f W-76 (a)

36 b,f W-76 (b)

36 g,1 W-80

34* c,f W-14 (b)

34 f W-79 (a)

33 g,1 W-82 (a)

32* b,f W-77 (b)

31 f W-74 (b)

31 b,f W-78 (a)

29 b,f W-75 (b)

29* b,f W-78 (b)



INDEX II. Sound Transmission Class of Floor-Ceiling Constructions

Type Code:

a. wooden joist

b. metal joist
c. concrete or masonry

d. plaster ceiling

e. gypsum board ceiling

f. w/resilient elements

g. w/absorbent blankets

h. w/separate ceiling joists

STC IIC Type Data Sheet No.
,

STC IIC Type Data Sheet No

55* 57* c,d,f F-14 50* 49* c,d,f F-29

55* 53* c,d,f F-19 50* 48* c,d F-16

50 47 a,e,f F-46 (b)

54* 64* c,d,f F-17 (b)
50 47 a,c,e,f,g F-50 (a)

54* 51* c,d F-13 (a)
50* 46* c,d F-20 (c)

54* 35* c,d F-6

. 49* 48* c,d F-9

53 74 a,c,e,f,g F-50. (b)
49 46 a,e,f,g F-40 (b)

53* 62* c,d,f F-17 (a)
49 35 b,c,d F-56 (a)

53* 53* c,d F-13 (b)
49* 30* c,d F-15

52 80 a,e,g,h F-48
49* 26* c,d F-5 (b)

52 51 a,e,f,g F-52
48* 47* c,d F-12

52 49 a,e,f,g F-53 (a)
48 33 b,c,d F-59 (c)

52 48 a,e,f F-46 (a)
48 33 b,c,d F-60 (a)

52* 47* c,d,f F-18 (a)
48 32 b,c,d,f F-59 (a)

51 78 a,e,f,g F-53 (b)
47 69 a,e,f,g F-45 (b)

51* 58* c,d F-7 (b)
47 69 b,e,f,g .

F-61

51* 53* c,d,f F-10
47 66 a,e,f F-41 (b)

51* 48* c,d F-7 (a)
47 66 a,c,e F-49

51* 47* c F-4
47 62 b,c,e F-58

51 35 b,c,d,f F-59 (b)
47* 60* c,d F-20 (b)

50 70 a,e,f,g F-42 (b)
47* 46* c,d F-5 (c)

50* 57* a,d,f F-51 (b)
47* 42* c,d F-24

50* 53* c,e,f F-25
47* 40* c,d F-20 (a)

50* 51* c,e F-27
47 39 a,e,f F-39 (b)

50* 49* c,d,f F-18 (b)
47 37 b,c,d F-57 (a)

47* 31* c,d F-5 (a)

*Field measurement.
8



INDEX II. Sound Transmission Class of Floor-Ceiling Constructions

(Continued)

Type Code:

a. wooden joist
b. metal joist
c. concrete or masonry

d. plaster ceiling

e. gypsum board ceiling

f. w/resilient elements

g. w/absorbent blankets
h. w/separate ceiling joists

STC IIC Type Data Sher* No.I STC IIC TyPe Data Sheet No

46 85 a,c,e,f,g F-50 (c) 38 57 a,e F-37 (a)

46 74 b,c,d F-60 (c) 38 56 a,e F-41 (a)

46* 47*. c,d F-11 38 34 a,e F-46 (c)

46* 46* a,d,f F-51 (a)

46* 42* c,d F-23
37 33 a,e F-38 (a)

46* 30* c,d F-21 (a)
37 32 a,e F-39 (a)

46* 24* c,d F-21 (b) F-36 (a)

45 44 a,e,f F-44
35* 36* a,e F-31

45 44 a,e,f,g F-45 (a) 34* 32* F-30

45* 31* c,d F-26

29* 32* a,e F-35 (a)

44* 48* c,d F-28

44* 43* a,e,g,h F-47

44 25 c F-1 (a)

43* 43* a,d F-32 (b)

42* 32* c F-22

41 38 a,e F-43

41* 38* a,d F-32 (a)

40 32 a,e,g F-40 (a)
,

39 58 a,e,g F-42 (a)

39* 4;* a,d F-33 (b)
,

;

39* 40* a,d F-33 (a)

39* 37*
j
a,e F-34

*Field measurement.

9



INDEX III. Impact Insulation Class of Floor-Ceiling Constructions

Type Code:

a. wooden joist

b. metal joist
C. concrete or masonry

d. plaster ceiling

e. gypsum board ceiling

f. w/resilient ceiling element

g. w/resilient floor element

h. w/carpeting
i, w/absorbent blankets

j, w/separate ceiling joists

IIC STC

85 46

84 441.

80 52

80 44t

78 51

74 53

74 46

70 50

69 47

69 47

66 47

66 47

64* 54*

64 491.

63 351.

62* 53*

62 47

60* , 47*

59 471.

Data

1122 Sheet No.

a,c,e,f,h,i F-50 (c)

c,h F-2 I(b)

a,e,h,i,j F-48

c,h F-2 I(a)

a,e,f,g,h,i F-53 (b)

a,c,e,f,h,i

b,c,d,h

F-50 (b)

F-60 (c)

a,e,f,h,i F-42 (b)

a,e,f,h,i

b,e,f,h,i

a,e,f,h

a,c,e,h

c,d,g

b,c,d,h

b,e,h

c,d,g

b,c,e,h

c,d,h

b,c,d,h

F-45 (b)

F-61

F-41 (b)

F-49

F-17 (b)

F-56 (b)

F-55 (b)

F-17 (a)

F-58

F-20 (b)

F-57 (b)

1

i
1

IIC STC Type

Data

Sheet No.

58* 51* c,d,h F-7 (b)

58 39 a,e,h,i F-42 (a)

58 351. b,e,h F-55 (a)

57* 55* c,d,g F-14

57* 50* a,d,g F-51 (b)

57 38 a,e,h F-37 (a)

57 381. a,e,h F-37 (b)

56 38 a,e,h F-41 (a)

56* 291. a,e,h F-35 (b)

53* 55* c,d,g F-19

53* 53* c,d,g F-13 (b)

53* 51* c,d,g F-10

53* 50* c,e,g F-25

53 371. a,e,h F-38 (b)

52 441* c,g F-3 I(e)

51* 54* c,d,g F-13 (a)

51 52 a,e,f,g,i F-52

51* 50* c,e F-27

49 52 a,P,f,g,i F-53 (a)

49* 50* c,d,g F-18 (b)

49* 50* c,d,g F-29

49 481. c,g F-8 (b)

*Field measurement.

tEstimated on the basis of similar structures.
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INDEX III. Impact Insulation Class of Floor-Ceiling Constructions

(Continued)

Type Code:

a. wooden joist

b. metal joist
c. concrete or masonry

d. plaster ceiling

e. gypsum board ceiling

IIC STC Type

Data
Sheet No.

48 52 a,e,f,g F-46 (a)

48* 51* c,d F-7 (a)

48* 50* c,d F-16

48* 49* c,d,g F-9

48 441' c,g F-3 1(b)

48 441' c,g F-3 II(b)

48* 44* c,d F-28

47* 52* c,d,g F-18 (a)

47* 51* c,g F-4

47 50 a,e,f F-46 (b)

47 50 a,c,e,f,i F-50 (a)

47 481' c,g F-8 (a)

47* 48* c,d F-12

47 481' b,c,d F-60 (d)

47* 46* c,d F-11

46* 50* c,d F-20 (c)

46 49 a,e,f,i F-40 (b)

46* 47* c,d,g F-5 (c)

46* 46* a,d,g F-51 (a)

45 441' F-2 II(a)

45* 441' F-2 II(b)

45 441' c,g F-3 I(d)

45 441' c,g F-3 II(a)

45* 39* a,d,h F-33 (b)

45 351' b,e F-54 (b)

f. v/resilient ceiling element

g. w/resilient floor element

h. w/carpeting
w/absorbent blankets

j. w/separate ceiling joists

I

lIC

44

44

43

43

43*

43*

43

42*

42*

42

STC

45

45

441'

441'

44*

43*

351'

47*

46*

441'

41 144t

40*

40*

40

47*

39*

35t

39 47

39 35

38 481'

38 41

37 47

37* 39*

*Field measurement.

tEstimated on the basis of similar structures.

11

Type

a,e,f

a,e,f,i

c,g

c,g

a,e,i,j

a,d

a,e

c,d

c,d

c,g

c,d

a,d

b,e

a,e,f

a,e

b,c,d

a,e,g

b,c,d

a,e

Data
Sheet No.

F-44

F-45 (a)

F-3 I(c)

F-3 II(c)

F-47

F-32 (b)

F-36 (b)

F-24

F-23

F-3 II(d)

F-3 I(a)

F-20 (a)

F-33 (a)

F-54 (a)

F-39 (b)

F-36 (a)

F-60 (b)

F-43

F-57 (a)

F-34



INDEX III. Impact Insulation Class of Floor-Ceiling Constructions

(Continued)

Type Code:

a. wooden joist

b. metal joist
c. concrete or masonry

d. plaster ceiling

e. gypsum board ceiling

f. w/resilient ceiling element

g. w/resilient floor element

h0 w/corpeting

i. w/absorbent blankets

j. w/separate ceiling joist

IIC STC IYES

Data
Sheet No. TIC STC Type

Data
Sheet No.

36* 41* a,d F-32 (a) 28* 44t c F-1 (d)

36* 35* a,e F-31
26* 49* c,d F-5 (b)

35* 54* c,d F-6

35 51 b,c,d,f F-59 (b)
25 44 c F-1 (a)

35 49 b,c,d F-56 (a)
25* 44t c F-1 (b)

34 38 a,e,g F-46 (c)
24* 46* c,d F-21 (b)

33 48 b,c,d F-59 (c)

33 48 b,c,d F-60 (a)

33 37 a,e F-38 (a)

32 48 b,c,d,f F-59 (a)

32* 42* c F-22

32 40 a,e,i F-40 (a)

32 37 a,e F-39 (a)

32* 34* a,e F-30

32* 29* a,e F-35 (a)

31* 47* c,d F-5 (a)

31* 45* c,d F-26

30* 49* c,d F-15

30* 46* c,d F-21 (a)

29 44f c F-1 (c)

*Field measurement.

fEstimated on the basis of similar structures.
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Page

Absorbers, Sound iii, 3-1,

5-8,9, 6-7, 7-5, 8-42

Access Roads 5 4

Acoustical
Ceiling Tile 5 8,9

Design iii, 1-1

Privacy iii, 1-1,2

Shielding 5 1,2,3

Airborne Noise iii, 3-1,2,3

Airborne Sound Insulation

Measurement of 10-1

Range in Foreign Codes----9-15,
16,21

Single-Figure Ratings---10-1,2,
11-2

Air-Conditioning Equipment

Blowers 7 13,14,15

Ducts 7 13 to 7-19, 8-7

Grilles 7 19,20, 8-19

Installation----5-7, 7-7,13,14,
16,22, 8-28

Noise 6 5, 7-12, 9-3, C-5,9

Air Filters, Electronic 7 24

Airplane Noise 6-1, 7-21,22,
C-11,12

Ambient Noise--iii, 2-2,3, 6-3,4,
9-1,3, 10-8, C-2,3

Appliances 7 22

Installation----6-9, 7-2,7, 8-1

Noise C-5,6,7,8

Small 7 23

Austria 9-9

Background Noise--iii, 6-3,4,5,6,

10, 9-1,2,3, 10-8, C-2,3

Baffle, Sound iii, 5-1,2,3,

6-2, 8-34,35,53

8-1,21Balloon Framing

Belguim 9 9

13

Blowers

Page

7 13,14,15,16

Buffer Zones 5 5,7, 7-1,16,21,
8-1, 10-14

Bulgaria 9 10

Cabinets, Mounting of 6 8,9,

7-2, 8-27,48

Calming Chambers 7 0 8-30

Canada 9 10

Carpeting 5-9, 7-3, 8-1,

5,20,21,45

Caulk iii, 7-5,6,12, 8-7,15

Ceilings,
Resiliently Hung 7 4,5,6,

8-3,15,29,35

Cinder Blocks 6 6,7,8, 8-3

City Planning 5 1, 6-2

Clocks, Alarm C 8

Clothes Dryers and Washers---7-22,
23, C-5

Codes, Summary of Foreign 9-7

to 9-22

Control Joints

Cooling Towers

6 8

7 20, 8-44

Corridors 4 1, 5-8,9, 8-3

Cost, of Sound Insulation 1-4

5-6,7, 6-5, 7-15,16,22

Couplers, Flexible iii, 7-1,

6,7,12,13,16,17,18,23, 8-12

Court Yards 5 4

Criteria
Building Grade! 10-8

Development of--------9-1 to 9-7

Foreign Codes 9 7 V) 9-21

Noise Criteria Curves -9-2,3

Recommendd Sound Insulation

Business Areas 10-13



SUBJECT INDEX

Page

Floor-Ceiling
Assemblies 10 12

Fundamental or "Key"----1C-9

Mechanical Equipment
Rooms 10-13

Townhouses
Wall Partitions 10 9

Within Dwelling Units--10-14

Cross Talk 7 17,18

Czechoslovakia 9 10

Data

Explanation of 11-2,3

Sound Insulation Chapter 11

Decibel iii
Denmark 9 10

Diffusers 7 19,20, 8-19,75

Discontinuous Con8truction---4-2,
5-8, 6-7, 7-2,3, 8-19

Dishwashers 7-22,23, 8-1, C-6

Doors 6 9,10,

7-13,16,21, 8-4,19

Ducts---4-1,2, 7-13,14,16,17, 8-7
Central Return 7 12,13,

17,18, 8-7
Cross Talk in 7 17,18
Double Wall 7 16,18,22,

8-7,41,44

Flow Velocities in---7-14,19,20

Turbulence in 7 14,17,18,19
Turning Vanes in 7 18
Vibration in 7 16,17,18

Electrical
Circuit Equipment 7 21,22

Fixtures---4-2, 8-9,11,17,16,28

Elevators

England

5 4,6,7, 7-21, 8-11

9-10,11

Equipment, Electro-Mechanical
Installation 5 7, 7-7,14,

16,21,22, 8-25,27,28,41

14

Page

Location 5 7, 7-13,

15,16,21,22, 8-23

Noise 5 5;7, 6-5,
7-12,13,14,15,16,20, C-9

Selection 5 5,6,7,

6-5, 7-15, 8-28

Equipment Rooms

Expansion Joints

Fans

Exhaust

Installation
Noise
Selection of

7 16, 6-28,
10-13

7 16,25,

8-11,27,29,33

7-21,23, 8-1,4,11
7 21, 8-1,4

C 5

7 15, 8-11

Finland 9 11

Fire Ratings 11-3, Appendix A

Fixtures
Electrical 8-9,11,17,18,28
Plumbing 7 11, 8-34

Flanking Transmission iii
Airborne 4 1

Structure-Borne 4 1,2

Floors
Deflection of
Floating
Installation

7 7,8
7 4,5,6,8, 8-15

7 5,8,

8-12,15,19
7 8, 8-19

8-33

7-7

7 8

Joists
Mixed Constructions
Moisture Content
Nailing

Sound Absorbers in
Cavities

Squeaking

Food Mixers

France

7 5

7 7,8, 8-42

7 2,23, C-6,8

9 12

9 8Frequency Band Width
Comparison of 1/1- and 1/3-

Octave 9 8,9, 11-I

Furnaces 7-13,14,15, 8-19



SUBJECT INDEX

Page Page

Garages 7 21, 8-19 Inertia Blocks iv, 7-7,16,

8-11,25,29,30
Garbage Cans 8-19

Garbage Dispcsals--7-2,22, 8-1,3,
C-6 Joints, Mortar and Gypsum

Gasket Material Board----4-2, 6-8, 8-3,25
Doors 8-4,5,6

Ducts 7 18, 8-7,30 Joist Installation 819

Floors 7 5,6,

8-13,16,20,21,49

Plumbing 7 11, 8-1, Landscaping, Natural 5 1,2,3

2,3,16,36,37,38,40 Laundry Rooms 5 4, 8-28
Walls 6 8, 7-2, 8-1,43,46

Windows 8 51,52 Lighting Fixtures
Flourescent 8 28

Germany 9 12
.8witches- 8 11,28

Grades, Buildings 10-8

Grilles 7 19,20, Market Resistance 1 1
8-7,8,9,19,25

Heating Systems
Central II,stallation of----7-14
Closet Installation of----7-13,

14, 8-19

Noise 7-12,14, 8-19, C-2,9

Masking Noise iv, 6-4,5,6,

8-28, 9-1,2,3, 10-1

Mass Law 5 8, 6-6,7, 7-1

Measurements
Impact Sound Pressure

Levels 10 2,3, 11-1

Lab vs Field 11 1,2,

Impact Insulation
Class, IIC

Transparent Overlay

iv, 8-12,

10-5,6
10 7

Impact Noise iv, 7-1

Floors 4 3, 5-9, 7-3,4,5

Sources 7 1,2,3, 9-5,6

Walls 7 2

Impact Noise Rating, INR 10-6

Impact Sound Insulation
In Foreign Codes----9-7 to 9-21

Measurement of 9-6, 10-2,

3-5, 11-1

Single-Figure Ratings--10-5,6,8

Impact Sound Pressure
Levels 9 6,7,8,

10-2,3,5, 11-1

Incinerator Chutes 8 19

15

Appendix B

Sound Transmission Loss----6-3,
4,9,10, 10-1, 11-1,2

Mechanical Equipment, See
Equipment,Electro-Mechanical

Moisture Content in Floors---7-7,
8-42

Netherlands 9 12,13

Noise iv

Acceptable Levels 2 3,

Barriers
Criteria Curves

Indoor Ambient 9-1,2,3,

10-8, C-2

Indoor Sources 1-3, 6-3,

C-4 to 9

Intruding 9-1

6-6, 9-1,2, 10-8

5 2,4, 6-2, 8-34
9-2



SUBJECT

?age

Leaks iv, 2-2, 4-1,

5-8,10, 6-7,8, 7-5,12,18, 8-34

Mechanical Equipment----7-9,12,
20, C-9

6 1,2

2 3, 9-1,
10-8, C-3

6 1,

C-10,11,12

Peak Levels 6 6, 9-2

Problams, Causes of 1 1,2

Reaction to 2 3, 6 10, 7 9

Sources 1 2, 6-1, 7-1,
Appendix C

Surveys 5 1, 6-6, 9-1

Traffic 5 1,2,3,4,

6-1,2,4, 9-1, C-10

Turbulent-------7-9,11,14,17,18

Noise Control
Education in 1 2, 5-9, 6-2

Outdoors 6 2

Within Dwellings 6 10

Ordinances
Outdoor Ambient

Outenor Sources

Noisy Areas, Location of---5-4,7,
6-10

Normalization of Data----9-7,8,16

Normalized Level Differences--9-7

Norway 9 13

0

Ordinances, Anti-Noise 1 4,

6-1,2

Plenum or Calming Chambers--7-17,
8-30

Plenum Spaces 4 2, 6-8, 8-34

Plumbing 7 1,5,6,9, 8-34

Air Chambers 7 12,23,

8-2,36,39

Cavitation 7 9

Design 7 12

Drainc 7 10,12, 8-37,38,40

Entrapped Air 7 10

Expansion and Contraction 7-1U

INDEX
Page

Fixtures 7 11, 8-34

Flexible Connectors 7-7,12,23,
8-2,12

Flow Velocity 7 9,10,11

Hammering 7 9,12 8-34

In Floating Floors 7 3,6,

8-16,36,37,38,40

In Suspended Ceilings 7-3,6,

8-36,37,38,40

Isolation of---6-9,10, 7-5,6,7,
11,12, 8-3,12,16,34

Noise Problems 4 1, 5-7,

6-3, 7-1,9,10, 8-34

Pipe Enclosures 7 12

Pipe Size 7-11,12, 8-34,39

Pressure Regulations---7-11,21,
8-34

Pumps 7-10,16, 8-29,34

Toilets 7 11, 8-37, C-8

Turbulence in 7 9,11

Valves 7 11,12,21, 8-34,39

Polishers, Floor C 7

Pretestang 3 10, 7-20

Psycho-Acoustics 2 2,3, 6-10

Radio 6 3,10, 7-23, C-4

Rain Gutters and Spouts 8 40

Recommended Sound Insulation

Criteria 10 2,8

Refrigerators 7 7, C-6

Resilient Construction

Ceilings 7-4,5,6, 8-3,12,

15,17,18,20,21,22,

25,28,29,33,40,41

Elements-----6-7, 7-2,4,5,6,22,
8-12,17,40

Floors 5 8, 7-3,4,5,6,8,11,
8-12,15,20,21,22,

33,36,37,38,40

Walls 5 8, 6-7,8, 7-2,5,
8-13,14,20,21,22,

40,46,48,49,50
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Page

Resonance iv, 7 16

Cabinets 7 22

Ducts 7 14,17

Floors 3 3, 7-1,3

Walls 3-3, 6-7

Windows 3 3, 8-51

Reverberant Fields----2-2, 5-8,9,
11-2

iv, 2-2, 5-8,9,
7-16,17, 8-40
7 16,17, 8-41

Reverberation

Risers

Rods, Shower and Closet 8-42

Rollers, Paper 8-42

Roofs 6 3, 7-21, 8-35,42

5 4,5, 6-10Room Arrangement

Scotland

DSewing Machines

Shavers

9-13,14

7 23, C-7

C-7

Short Circuiting----4-1,2, 6-7,8,
9, 7-2,5,6,8,17,18, 8-27,48

Silencers 7 17,18,22,

8-7,9,41,42

Site

Building Orientation
Selection of

5 3,4
5 1

Skeletal Frame of

Building 4 1,2, 7-1,24

Sound iv

Absorption---5-1,2,8, 6-7, 7-5,
14,16,18,23, 8-7,42

Also see Absorbers, Sound
Airborne iii, 2-2, 3-1,

2,3, 4-1, 6-3, 7-1,19,23

Attenbation iii, 2-2, 3-1,

6-3,4, 7-3,19

Frequency of iv, 2-2,3,

3-2,3, 5-2, 6-3,7, 7-3,
10,14,24, 8-47, 9-1
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Page

Insulation iv, 1-1,4,

2-2, 5-8, 6-4,4,6,7,

8,9, 7-3,4,5,6,21, 8-12
Intensity of 2 2,3, 3-1,

2,3, 6-3, 7-3,19, 9-1

Leaks, See Noise Leaks
Power Output ------ 5-5,7, 6-1,

7-15,19,20

Pressure v, 2-1,2, 3-1

Pressure Level---v, 6-4,6, 7-16,
19,20, 9-6,7, 10-2,3,5

Reflection of 2 2, 5-1,

2,3,4, 7-20

Speed of 2 2

Strgctutti-Borne---v, 2-2, 3-1,2,

3, 4-1, 5-10, 7-1,

8-11,40,42,47

Tranamission v, 2-1,2

3-1,2, 4-1, 5-7,8,
6-9, 7-1, 8-42

Wave Propagation 2 1

Sounding Board Effect-------3-1,2,
7-11,21

Sound Transmission
Class, STC v, 10-1,2

Ratings 11-2

Transparent Overlay 10-4

Sound Transmission Loss----v, 6-3,
4,9,10, 9-7, 10-1

Calculation of---6-3,4,9,10, 9-7
Door-Wall Combination 6-9,10

Measurement of 10-1, 11-1,2
Window=Wall

Combination 6 9,10

Speech 6 3,5, C-4

Staireases 5 8, 8-45

Stereo Sets----3-1, 6-3, 7-23, C-4

Structure-Borne Noise v, 2-2,

3-1,2,3, 4-1, 5-10,
7-1, 8-11,40,42,47

Subjective Reaction to Noise--2-3,
6-10, 7-9

gupervision--1-1, 4-1, 5-9,10, 6-9



Sweden
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Page

9 14

Swimming Pools 7 21, 10-14

Switzerland 9 14

Tapping Machine

Telephones

Televisions

9 6, 10-3,5

6-9, 8-46, C-8

6 3, 7-23,

8-11,47, C-4

Tenant Placement----1-2, 5-5, 9-2

Traffic Arteries 5 1,4, 6 1,2

Train Noise 6-1, C-12

Transformers 7-22, 8-47

Trees 5 2

Turbulence Noise in

Air-Conditioning/Heating

Systems 7 14,17,18,19

Plumbing 7 9,11

Undercoating 8 2,5,19,47

Underlayments 7 4,11,16,

8-12 to 22, 8-40,47

U.S.S.R. 9 14,15

Vacuum Cleaners

V

Central System

Vehicle Noise

6 3, 7-3, C-7

7 23,24

5 3, 6-1,

2,4, 9-1, C-10

Ventilation 7 21,22

Vent Openings 8 47

See also Diffusers and Grilles

Vibration
Isolators 5 7, 6-7,

7-2,11,16,20,21,22,23, 8-47

Low Frequency---3-2, 7-22,24,25
Measurement of 2 1

Sources of 2 1, 7-10,

15,16,17,20,22,24

Transmission Paths 4 3, 7-1

18

Page

Walls 5 8, 6-6, 8-48

Absorbers in Cavities 6 7

Cinder Block
Cracking of
Curtain
Double
Exterior
Impact Noise
Installation

6 6,7,8, 8-3
6 8

8 51

6 7, 7-2,16
6 6

7 2

6 8

Isolated Surfaces of----6-7, 7-2

Loadbearing
Massive
Party
Sealing of

Staircase

Wind
Direction
Noise

Curtain Walls

Risers

Windows

Zoning

4 2, 6-3

6 6,7

iv

6 7,8, 8-34
8 45

51

8 51
8 41

4 2, 6-9, 8-51

5 1, 6-1



APPENDIX A

FIRE RESISTANCE PERFORMANCE AND RATINGS

OF WALL AND FLOOR-CEILING CONSTRUCTIONS

Prepared by Harry Shoub, National Bureau of Standards

The ratings for fire resistance shown for the various structures in

this guide are based on published test data and compiled lists of

ratings. Where it was necessary to estimate ratings, they were derived

from the available published material and are indicated as estimatest

Fire endurance tests, which determine the ratings, were conducted

principally under the requirements of ASTM E119, Standard Methods of

Fire Tests of Building Construction and Materials. Although deviations

from the standard prccedure have occurred, mainly in early fire tests,

the differences usually have not been of such magnitude as to affect the

validity of the results or to require any significant change in the value

of the ratings. Some of the ratings are based on British fire endurance

tests, as specified in British Standard 476: Part 1, Fire Tests of 0

Building Materials and Structures. These tests are conducted under

methods similar to those of ASTM E119, with somewhat comparable criteria

of failure. However, because of differences in the measurement of

temperatures, the results of these tests should be considered as giving

estimated rather than demonstrated fire resistance ratings.

In conducting standard fire endurance tests of a wall, the

structure is designed to form one side of a test furnace, so that one

face of the wall is exposed to the fire in the furnace. Floors are

placed in the top of a specially built furnace in order to expose the

underside or ceiling surface to the fire. The temperature in the

furnace is controlled to follow an established time-temperature curve

having the following points:

Temp. - F Time - min.

1000 5

1300 10

1550 30

1700 60

1850 120

2000 240

The temperature is taken as the average of at least nine thermocouples

distributed in the furnace near all parts of the test sample. In the

ASTM method the thermocouples are protected in porcelain or metal tubes,

while under the British standard, the thermocouples are placed uncovered

in the furnace. Except in tests of approximately 30 min. or less

duration, the less severe exposure of a specimen under the British

system would probably cause only a slight deviation in the results,

usually not as great as that which might be attributed to experimental

error.
The minimum size of the exposed surface of a wall is 102 ft

2
, with

no dimension less than 9 ft. Floors must be at least 180 ft , with

neither side less than 12 ft. During the fire ndurance test, a load
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intended to develop the designed working stresses in the structure may

be applied to the wall or floor assembly.

The criteria of failure, which limit the fire resistance of a

structure, are as follows:

1. An average temperature rise of 250 degrees F above the initial

temperature on the unexposed surface of a wall or floor, as measured by

all the thtrmocouples placed under asbestos cover pads on the unexposed

surface; or a rise of 325 degrees F at any one of the thermocouples.

In tests conducted under British Standard 476, the thermocouples are not

covered. This tends to result in better apparent performance of the

structure, a fact which has been considered in making estimates of fire

endurance.
2. Structural failure of the wall or floor assembly.

3. The passage of flame or gases hot enough to ignite cotton waste

placed on the unexposed surface.

The fire endurance of a structure determined from the above limiting

criteria is a measure of the performance of the structure in the fire

test, and in no way indicates its suitability for use after the fire

exposure.
The fire resistance of a structure is often expressed in a stand-

ardized rating system in which the categories are 30 and 45 min., and

1, 1 1/2, 2, 2 1/2, 3, 4, etc. hours. The 45-min. and 2 1/2-hr.

categories are sometimes omitted. When using this system, the actual

endurance time exhibited by a structure in the fire test is reduced

to the next lower standard time. A rating of 1 1/4-hr. has been

indicated in some instances where the construction is better than that

required for 1 hr. but may not achieve 1 1/2 hrs. However, some

inequities may occur. For example, structures showing actual fire

endurance times of 3 hrs. 1 min. and 3 hrs. 59 min. will both be rated

as having 3 hr. fire resistance, while the addition of a single minute

to the endurance time of the latter will increase its rating to 4 hrs.

Some of the ratings shown in the report as 4 hrs. actually represent

a considerably higher fire endurance, but as most building codes have

requirements not exceeding 4 hrs. fire resistance, references often

express that value as a maximum. In some instances of ratings =der 1

hr., the fire endurance has been reduced to the next lower 5-min.

period, and are shown as such where available. The indication

"combustible" following a rating signifies that the structure contains

combustible elements of such quantity as to continye flaming after

termination of the fire test, or constructed with materials that do not

classify as "noncombustible" in NFPA No. 220-Standard Types of Building

Construction, in the National Fire Codes.
In attempting to assess the fire endurance capability of the

selected floors and walls of this guide, it was often found that the

structures for which sound insulation data were available were not

strictly comparable to those on which fire tests had been performed.

Wherever possible, estimatAs were made of probable performances based

on similarities of construction if no identities could be found.

Estimates were made conservatively, so that possible errors would be on

the side of safety. In the followipg, some of the general considerations
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applicable to the determination of the probable fire endurance of

structures are presented.
In some cases, where the dissimilarity arose from differences in

thickness of protective materials, the expected performance could be

derived or extrapolated. National Bureau of Standards Report BMS 92,
Fire-Resistance Classifications of BuilEng Constructions gives methods
of estimating the fire resistance periods for walls of different laminar
components and for homogeneous walls of differing thicknesses. The
increased fire resistance derived from the addition of plaster coatings

on walls is also indicated.
The effectiveness of plaster as a Ere protective coating is

dependent on several factors. The mix is of importance, particularly

with gypsum plasters. A richer mix gives a better fire resistance, which
also may be obtained by the use of perlite or vermiculite aggregate
instead of sand. The method of application of the plaster has a bearing
on its effectiveness, as the protection it may provide is lost as soon

as the plaster falls from the fire-exposed surface. This is also true of

gypsum wallboards applied to increase fire resistance. Special.gypsum
boards and coreboards are available with greater fire resistance than
that afforded by conventional board products.

The type of aggregate used in concrete determines to a considerable
extent its probable fire resistance characteristics. With other factors
equal, concrete made with siliceous aggregates, especially those largely
of chert or flint, xhibit the lowest fire endurance, while concrete made
with pumice or expanded slag or shale has a considerably greater resist-
ance to the effects of fire. Cinder and calcareous gravel aggregate
concrete tend to fall Eetween the extremes in fire performance.

For hollow masonry walls, or hollow units in such walls, the fire
resistance is determined principally by the thickness of the solid
material in the structure, rather than by the total thickness of the wall.

In addition to the fact that small differences in construction may
lead to large variation in fire resistance characteristics, the estab-
lishment of estimated fire endurance times is often complicated by lack
of knowledge of the criterion of failure by which the basic rating was

determined. It can be seen that if failure of a loaded structure
occurred by excessive rise of temperature on the unexposed surface, a
modification of the structure that would increase its loadbearing
capability would probably not increase the time to failure by heat

transmission.

In the following listing, by data sheet number, the fire rating, the
basis or reference for the fire rating, and pertinent information con-
cerning the given fire rating are presented. The reference is given
directly under the fire rating and is indicated by a number which refers

to the list of fire testing references on p. A-17. Where possible, page,
section or table numbers are included in the parenthesis. It should be

noted that the values listed here as ratings are the ratings already
assigned by recognizud rating organizations, or which probably would
be allowed by authorized regulatory agencies.
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W-1 Rating: approximately 30 min. (est.)
1-(p.11) - 4-in, solid concrete wall, no reinforcement has 1-hr
rating.

W-2 Rating: 3 hrs. (est.)

1-(p.111) - 6 in. solid concrete wall, no reinforcement has 2-hr
rating. Adding 1/2-in, sanded gypsum plaster to both sides
increases rating approximately 1 hr. 4-(p.69).

W-3 Rating: over 3 hrs. (est.)

1-(p.111) - 5 1/2-in: monolithic, unreinforced concrete wall has
2-hr. rating. 6-(p.11) 6-in, siliceous aggregate concrete has
2 1/2-hr. resistance. Rating increased because of clinker
aggregate and 1/2-in. plaster on both sides.

W-4 Rating: over 4 hrs.

7-(Table 4) - 12-in, wall,
combustible members framed

W-5 Rating: 2 1/2 hrs.

4-(p.27) - interior wall;

W-6 Rating: aver 4 hrs.
1-(p.107) - 8-in. wall; 4-(p.27) - with no combustible members
framed in, rating is 7 Irs.

W-7 Rating: over 4 hrs.

4-(p.27) - no combustible members framed in, rating is 10 hrs;
with combustible members, 8 hrs.

W-8 Rating: over 4 hrs.
1-(p.115) - 12-in, solid masonry wall has 4-hr. rating.

W-9 Rating 4 hrs.

1-(p.114) - with combustible members framed in, rating is 2 hrs;
siliceous gravel aggregate. 4-(Table 23) gives 5-hr. rating.

W-10 Rating: (a and b) 1 hr. (est.)

1-(p.114) - siliceous aggregate concrete with 3-in. minimum
equivalent thickness; with cinder aggregate, nonloadbearing, 61
per cent solid, rating is 1 1/2 hrs., 1-(p.113).

33 percent voids, no plaster, no
in, had fire endurance of 5 hrs. 33 min.

no combustible members framed in.

W-11 Rating:

4-(p.31)
solid.

(a) 2 hrs.

(b) 1 1/2 hrs.

- cinder aggregate; (a) 65 percent solid, (b) 73 percent

W-12 Rating: (a and b) 1 1/2 hrs. (est.)
1-(p.113-14) - solid block, pumice or expanded shale or slag
aggregate. Lead and plywood in (b) will probably not increase
endurance significantly.

W-13 Rating: 3 hrs.

8-(sec. a1165)

W-14 Rating (a and b) 4 hrs.
1-(p.115)
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W-15 Rating: (a) 3 hrs.

(b) 4 hrs.
1-(p.115) - extra 1/4-in, plaster on metal lath will not raise

ratings 1 hr.

W-16 Rating: 3 hrs.
1-(p.115) - extra 3/4-in, plaster will not raise rating 1 hr.

W-17 Rating: (a) 3 hrs.

(b) 4 hrs.
1-(p.115) - extra 3/4-in, plaster on 3-in. gypsum block wall will

raise rating to approximately 3.4 hrs. 4-(p.69).

W-18 Rating: (a, b and c) 3 hrs.
1-(p.115) - extra 3/8-in, gypsum lath will not increase rating

1 hr.

W-19 Rating: 4 hrs.
1-(p.115) - more plaster than required for rating.

W-20 Rating: 3 hrs. (est.)
1-(p.115) and 8-(sec. a1155) - gypsum lath on 2-in, wood furring

strips with 1 1/2-in, mineral wool blanket at least equivalent to

3/8-in, gypsum lath on resilient clips.

W-21 Rating: Not available.
Estimated rating, based on siliceous aggregate concrete would be

less than 1/2 hr.

W-22 Rating: over 4 hrs.
4-(p.27) - indicates rating of 7 hrs.

W-23 Rating: over 4 hrs.
4-(p.27) indicates rating of 7 hrs.

W-24 Rating 3 hrs. (est.)
4-(p.28, table 22) - gives 4-hr. rating with greater thickness of

plaster.

W-25 Rating: over 4 hrs.
4-(p.29) - indicates rating of 5 hrs.

W-26 Rating: over 2 hrs. (est.)
4-(p.31, table 26) - 4-in, cinder aggregate block with 1/2-in.

plaster both sides has 2-hr. rating; the interior panels and

spaces will probably increase endurance.

W-27 Rating 1/2 hr. - combustible
- indicates rating of 40 min.

W-28 Rating: (a, b and c) 1/2 hr. - combustible
4-(p.34, table 30) - indicates rating of 40 min; lead sheet will

probably not increase endurance significantly - no data available.

W-29 Rating: 1 hr. - combustible

1-(p.138)
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W-30 Rating: (a) 45 min. - combustible
- with fibered gypsum and sand plaster rating is 1 hr. -

combustible. 1-(p.135)

(b) 1 hr. - combustible
- with 1:2, 1:2 gyp-am and sand plaster on gypsum lath

with no more than one 3/4-in, diameter hole per 16 ire surface.

W-31 Rating: 45 min. - combustible
4-(p.34, table 30) - 1:2, 1:2 gypsum and sand plaster; with
perforated lath or fibered plaster, rating is 1 hr. 1-(pp.134

and 135)

W-32 Rating (a) 1 hr. - combustible
1-(p.138)

(b) 1 1/2 hrs. (est.) - combustible
1-(p.137) - rating reduced because both sheets apparently applied
vertically.

W-33 Rating: 1/2 hr. - combustible
- 35 min. endurance with 1:2, 1:2 gypsum and sand plaster.

W-34 Rating: (a) 1/2 hr. (est.) - combustible
4-(p.34, table 30) - with 2- by 4-in, studs, not staggered,
endurance was 40 min.

(b) 45 min. (est.) - combustible
1-(p.38) - with 2- by 4-in, studs, not staggered, rating was 1 hr.

W-35 Rating: (a) 1 1/2 hrs. (est.) - combustible
1-(p.137) - rating reduced because of undersize studs, and gypsum
boards both in same direction.

(b) 1 hr. (est.) - combustible (nonloadbearing)
4-(p.34, table 30) - perforated lath; on plain lath, endurance
45 min.

W-36 Rating: (a) 45 min. (est.) - combustible
1-(p.135) - rating reduced for plain lath.

(b) 1 hr. (est.) - combustible

1-(p.135) - increase in endurance from inslalating fill probably

compensates for use of plain lath.

W-37 Rating: 1/2 hr. (est.) - combustible
4-(p.34, table 30) - 1/2-in, board on 2- by 4-in, studs, not
staggered, had 40-min. endurance.

W-38 Rating: 1 hr. (est.) - combustible
8-(sec. a1375) - without insulating batts, endurance was 45 min.
1-(p.34) - rating 1 hr. without batts, with fibered gypsum
plaster. 1-(p.135)

W-39 Rating: (a) 1 hr. (est.) - combustible

1-(p. 138)
(b) 1 hr. (est.) - combustible

Similar to (a); added 1/2-in, board should increase rating.
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W-40 Rating: (a and b) 1 hr. - combustible

4-(p.34, table 30) - perforated gypsum lath required; on plain

lath, endurance probably 45 min.

W-41 Rating: (a, b and c) 45 min. - combustible

4-(p.34, table 30) - sanded gypsum plaster on plain lath.

(d) 1 hr. - combustible

1-(p.134) - perforated lath, metal clips, plaster mix 2 or 2 1/2

ft3 perlite to 100 lb gypsum.

W-42 Rating: (a) 1 1/4 hr.

4-(p.34, table 31) - 1:2, 1:2 gypsum and sand plaster.

(b) 1 1/2 hr. (est.)
4-(p.34, table 31) - same as (a), with endurance increased by

mineral wool batts.
(c) 1 hr.

4-(p.34, table 31) - 1:2, 1:2 gypsum and sand plaster.

W-43 Rating: (a, b and c) 45 min. (est.)

1-(p.128) - 1:2 1/2 gypsum and sand plaster, perforated lath,

lath ends secured with metal finger clips; 1:2 gypsum and sand

plaster on perforated lath secured to 1/4-in, rods on studs,

rating is 1 hr.

W-44 Rating: (a) 1 hr. (nonloadbearing)
1-(p.128) - 1:2, 1:2 gypsum and sand plaster.

(b) 1 hr. (nonloadbearing)
1-(p.128) - 1:2, 1:2 gypsum and sand plaster.

(c) 1 1/4 hrs. (est.) (nonloadbeering)

1-(p.127) - 1:2 1/2 gypsum and perlite plaster has 1 hr.

rating; rating increased for 5/8-in. 1:2 gypsum and perlite

plaster.

W-45 Rating: 45 min. (est.) (nonloadbearing)

1-(p.127) - with perforated lath, rating is 1 hr.

W-46 Rating: 1 hr. (est.) (nonloadbearing)

1-(p.132) - rating for single layer 5/8-in. board.

W-47 Rating: 45 min. (est.) (nonloadbearing)

1-(p.128) - 1/2-in. gypsum and sand plaster on perforated metal

lath has 1-hr. rating.

W-48 Rating: 1 hr. (est.) (nonloadbearing)

1-(p.128) - lack of perforation in lath probably compensated for

by 2-in, mineral wool blanket between studs.

Wr...49 Rating: 45 min. (est.) (nonloadbearing)

1-(p.127) - with perforated lath, rating is 1 hr.

W-50 Rating: 45 min. (est.) (nonloadbearing)

1-(p.128) - with perforated lath attached with special clips,

rating is 1 hr.

W.51 Rating: ( a and b) 1 hr. (nonloadbearing)

1-(p.128)
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W-52 Rating: 1 hr. (nonloadbearing)
4-(p.34, table 31) - 1:2, 1:2 gypsum and sand plaster.

W-53 Rating: 1 hr. (est.) (nonloadbearing)

1-(p.128) - plain lath probably compensated for by 2-in, mineral

wool blanket between studs.

W-54 Rating: (a) 1/2 hr. (est.) (nonloadbearing)

4-(p.34) - based on endurance of a wood stud wall.

(b) 1 hr. (nonloadbearing)

8-(sec. a1205)

W-55 Rating: (a) 1 hr. (nonloadbearing)

1-(p.132)
(b) 2 hrs. (nonloadbearing)

1-(p.132)

W-56 Rating: 1 1/4 hrs. (est.) (nonloadbearing)

1-(pp. 131 and 132) - one 5/8-in, layer has 1 hr. rating; two

5/8-in, layers has 2 hr. rating.

W-57 Rating: 1 1/2 hrs. (est.) (nonloadbearing)

8-(sec. a1205) - rating reduced for thinner wall board.

W-58 Rating: 2 hrs. (est.) (nonloadbearing)

8-(sec. a1205)

W-59 Rating: 1 1/2 hrs. (est.) (nonloadbearing)

8-(sec. al205) - same as W-57; 2-hr. rating (est.) if fire on

double thickness side.

W-60 Rating: 1 hr. (nonloadbearing)

1-(p.132)

W-61 Rating: 1 1/4 hrs. (est.) (nonloadbearing)

1-(pp. 131 and 132) - Two 5/8-in, layers board on 3 5/8-in, studs

has 2-hr. rating; rating reduced for narrow studs and 1/2 in.

less wallboard; partially compensated by addition vf mineral

wool insulation.

W-62 Rating: (a and b) 2 hrs. (nonloadbearing)

1-(p.131)

W-63 Rating: 2 hrs (est.)(nonloadbearing)
1-(p.131) - added insulation in wall will probably not increase

endurance to higher rating category.

W-64 Rating: 2 hrs. (est.) (nonloadbearing)

l-(p.131) - see comment W-63

W-65 Rating: 1 1/4 hrs. (est.) (nonloadbearing)

1-(pp. 131 and 132) - see comment W-61.

W-66 Rating: 1 1/2 hrs. (est.) (nonloadbearing)

1-(p.131) - rating reduced because of 2 1/2-in, rather than

3 5/8-in. studs, and inclusion of combustible cork.
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W-67 Rating: 2 hrs. (est.) (nonloadbearing)
1-(p.131) - added 3-in, insulating batt may raise rating, but

data not available.

W-68 Rating: 1 1/4 hrs. (est.) (nonloadbearing)
Similar to W-65; although 1/2-in, less gypsum board than in W-65,

either set of the double row of studs is protected by 1-in, gypsum

board and additionally by 2-in, mineral wool insulation.

W-69 Rating: 1 1/4 hrs. (est.) (nonloadbearing)
1-(pp.131 and 132) - two thicknesses 5/8-in, board has 2 hr.

rating; rating reduced for 1/2-in. board.

W-70 Rating: (a) 1 hr. (est.) (nonloadbearing)
1-(p.128) - similar to rated panel except for greater thickness

of channel frame.
(b) 1 hr. (est.) (nonloadbearing)

Same as (a) except that frame is formed of two 3/4-in.-tbick

channels rather than one 1 1/2-in.

W-71 Rating: Not availatie.
With perforated lath or extra-fibered gypsum on 2 1/2-in, studs,

rating is 1 hr. (nonloadbearing). 1-(p.127) - narrow channel

studs probably reduce rating.

W-72 Rating: 45 min. (est.) (nonloadbearing)
1-(p.128) - endurance reduced by use of plain lath rather than

perforated.

W-73 Rating: 1 hr. (est.) (nonloadbearing)
4-(p.34, table 31) - dual 3/4-in, channels give approximately
3-in, airspace, and probably equivalent to regular steel studs

of similar size.

W-74 Rating: (a) 1 hr. (nonloadbearing)

1-(p.126) - 1:2 gypsum and sand plaster.
(b) 1 1/4 hrs. (est.)

1-(pp. 124 and 126) - rating increased for perlite aggregate

plaster.

W-75 Rating: (a) 1 hr. (nonl( dbearing)
1-(p.124) - 1:2, 1:2 gypEam and sand plaster; 4-(p.34, table 32)

- 1:1, 1:1 gypsum and sand plaster.

(b) 1 1/14 hrs. (est.) (nonloadbearing)

Same as (a), rating increased for vermiculite aggregate.

W-76 Rating: (a and b) 1 hr. (nonloadbearing)

1-(p.126)

W-77 Rating: 1 hr. (nonloadbearing)
4-(p.34, table 32) - 1:2, 1:3 gypsum and sand plaster.

W-78 Rating: 1 1/4 hrs. (est.) (nonloadbearing)
1-(p.124) - Rating for 2 1/2-in. thickness 2 hrs, for 1 1/2-in.

1 hr.
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W-79 Rating: (a) 1 hr. (nonloadbearing)
1-(p.122) - 1:1, 1:2 gypsum and sand plaster, steel runners top

and bottom.
(b) 1 1/4 hrs. (est.) (nonloadbearing)

Same as (a) with endurance increased for extra thickness. 4-(p.69).

W-80 Rating: 1 hr. (nonloadbearing)

1-(p.119)

W-81 Rating: (a) 1 Lr. (nonloadbearing)

Same as W-80
(b) 45 min. (est.) (nonloadbearing)

Same as W-80, except rating reduced because of lesser thickness

of board; effect of lead sheet unknown although it may act as

heat sink.

W-82 Rating: (a) 1 hr. (est.) (nonloadbearing)
1-(p.117) - reduction of core to 5/8-in, probably will not affect

fire endurance.
(b) 1 hr. (nonloadbearing)

1-(p.117)

W-83 Rating: 2 hrs.

1-(p.116)

W-84 Rating: 1 hrs.

8-(sec. al075)
board spacec

(nonloadbearing)

(est.) (nonloadbearing)

- rated wall has 1 1/2-in, insulating batts; core-

in. apart.

W-85 Rating: (a and h) 3 hrs. (est.)

1-(r.117) and 4-(p.69) - mineral
incease endurance, but probably

(nonloadbearing)
wool insulation in (b) will

not to 4 hrs.

W-86 Rating: 2 hrs. (est.) (nonloadbearing)

S-(sec. a1075)

W-87 Rating: 2 hrs. (est.) (nonloadbearing)

8-(sec. a1075)
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F-1 Rating: 1 hr. (est.)

1-(p.47) - siliceous aggregate concrete; fire-rated floor has

3/4-in, protection to steel reinforcement.

F-2 Rating: 1 hr. (est.) - combustible
1-(p.47) - same as F-1; if failure is by temperature rise on

unexposed surface, the combustible floor surfaces applied over

the concrete may increase endurance by adding insulation.

F-3 Rating: 1 hr. (est.) - combustible

Same as F-2.

F-4 Rating: 2 hrs. (est.)

1-(pp. 46 and 47) - with siliceous or traprock aggregate, 3/4-in.

protection to steel, or calcareous gravel or crushed limestone

aggregate, 1-in, protection to steel; linoleum floor cover

combustible, will add little to endurcnce; 1/2-in, fiberboard

ceiling may provide 5 min. protection to concrete.

F-5 Rating: 3 hrs. (est.)
1-(p.46) - traprock, calcareous or siliceous aggregate and 1-in.

cover for reinforcement; 1/2-in. gypsum and sand plaster ceiling

will increase fire endurance, but probably not to next higher

rating.

F-6 Rating: 3 hrs. (est.)
1-(p.46) - traprock, calcareous or siliceous aggregate and 1-in.

cover for reinforcement (6-in. slab); 7/8-in. screed and 1/2-in.

gypsum and sand plaster may raise rating to 4 hrs. (if failure

is by temperature rise on unexpected surface).

() F-7 Rating: 2 hrs. (est.)
1-(pp.46 and 47) - with screed, equivalent to approximately 5-in.

thickness (see F-4); with 3/8-in. plaster ceiling, endurance

probably 2 1/2 hrs.

F-8 Rating: 2 hrs. (est.) - combustible
1-(pp. 46 and 47) - siliceous or traprock aggregate, 3/4-in.

protection to steel, or calcareous gravel or crushed limestone

aggregate, 1-in, protection to steel; combustible flooring nay

increase time to failure by temperature rise on unexposed surface,

but may decrease time to load failure by containing heat within

slab.

Rating: 2 hrs. (est.)
1-(pp. 46 and 47) - see F-8; 3/8-in, gypsum and sand plaster

ceiling equivalent to adding approximately 1/2 in. to 4 1/2-in.

slab. 6-(p.7)

F-10 Rating: 2 1/2 hrs. (est.)
1-(pp.46 and 47) - for aggregate and steel cover, see F-4; 1/2-in.

gypsum and sand plaster ceilirg; cquivalent thickness of slab and

ceiling is 5 3/4 in., 6-(p.7); nc-,comipubtible floor topping may

increase time to thermal failure, but decrease time to load

failure, see 7-8.
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F-11 Rating: 4 hrs. (est.)

- 4 3/4-in, gravel aggregate concrete, 1/2-in, plaster

ceiling.

F-12 Rating: 3 hrs. (est )
1-(pr.46 and 47) - concrete slab and topping 5 in., 2-hr. rating;
add 1 hr. for plaster which is equivalent to 1 1/4 in. of slab,

F-13 Rating: 3 hrs. (est.)
1-(p.46) - traprock, c2lcareous or siliceous aggregate concrete;
1/2-in. gypsum and sand plaster ceiling makes equivalent thickness

of slab over 6 in., 6-(p.7). Wood flooring on battens will

increase endurance to failure by temperature rise on unexposed

surface.

F-14 Rating: 3 hrs. (est.)
1-(p.46) - traprock, calcareous or siliceous aggregate; 1/2-in.

gypsum and sand plaster ceiling and wood flooring on mineral wool

insulation may increase endurance to 4 hrs.

F-15 Rating: 2 hrs. (est.)
3-(pp.124 and 125) - 1/2-in, plaster ceiling; floor finish may

add to time to failure by temperature rise on tnexposed surface.

F-16 Rating: 2 hrs. (est.)
3-(pp.124 and 125) - 1 1/2-in. screed replaces cover of tiles;

1/2-in, plaster ceiling; extra depth of tiles and wood block

flooring may increase endurance.

F-17 Rating: 2 hrs. (est.)
3-(pp.124 and 125) - 1/2-ir. plaster ceiling; extra 1/2-in.

concrete and wood flooring may increase fire endurance.

F-18 Rating: 2 hrs. (est.)
3-(pp.124 and 125) - 1 1/2-in, extra concrete screed, glass wool
and floor tile may increase time to failure by temperature rise

on uneyposed surface.

F-19 Rating: 2 hrs. (est.)

3-(pp.124 and 125) - suspended 1/2-in, plaster ceiling equivalent

to equal thickness on the slab directly; extra screed, glass wool

and flooring may increase time to failure by temperature rise on

unexposed surface.

F-20 Rating: (a) 1 hr. (est.)
No data available fol' clay tile beams wit4 concrete at Ades only:
rating based on the protection to the steel reinforcement provided
by the covering concrete and plaster ceiling.

(b) Sam as (a).
(c) Thick plaster ceiling may increase fire endurance;

plaster lath pr,bably combustible.

A-12

( )



F-21 Rating: (a) 2 hrs. (est.)

5-(Design No. 28 - 2 hrs.) - with plaster ceiling, equivalent

thickness is 7 1/2 in., rated design is 8-in, total; pumice

concrete in slabs probably compensates for lesser thickness of

floor topping.
(b) 1 hr. (est.)

6-(p.11) - based on equivalent thickness of 3 3/4 in.

F-22 Rating: 45 min. (est.)
6-(p.11) - siliceous aggregate concrete, minimum 5/8-in, cover

to reinforcing steel.

F-23 Rating: 45 min. (est.)
6-(p.11) - siliceous aggregate concrete, reinforced; without

plaster, endurance approximately 1/2 hr.

F-24 Rating: 45 min. (est.)
6-(pp.7 and 11) - concrete shell of beam and screed approximately

2 1/2 in.; minimum 1/2-in, gypsum and sand plaster.

F-25 Rating: 45 min. (est.)
6-(pp.7 and 11) and 2-(p.4) - approximately 2 1/2 in. thicle,

plus ceiling; siliceous aggregate concrete, glass wool insulation

and wood flooring will probably increase time to failure by

temperature rise on unexposed '3%-J:face.

F-26 Rating: 45 min. (est.)
6-(pp. 7 and 11) - total thickness of concrete, including screed,

about 2 1/2 in.; siliceous aggregate, 112-in. gypsum and sand

plaster ceiling.

F-27 Rating: 45 min. (est.)
6-(pp.7 and 11) - total thickness of concrete, including screed,

appears to 1,e a minimum of 2 1/2 in. thick (rating 1/2 hr.);

endurance increased by plasterboard ceiling which provides 15 min.

protection to battens, 4-(p.40, table 42).

F-28 Rating: 1/2 hr. (est.)
6-(pp.7 and 11) - approximately 2-in, thickness concrete;

siliceous aggregate; 1/2-in, gypsum and plaster ceiling;

flooring on battens may increase time to failure by temperature

rise on unexposed surface.

F-29 Rating: Not available.
Total thickness of concrete and plaster about 2 in., which would

achieve a 1/2-hr rating; unless prior load failure occurs;

the glass wool insulation, battens and wood flooring will increase

time to failure by temperature rise on unexposed surface.

F-30 Rating: 15 min. (est.) - combustible

4-(p.40) - rating reduced to protection period provided by gypsum

board ceiling to joists because of lesser depth of joists and

absence of subflooring and asbestos paper diaphragm.
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F-31 Rating: 15 min. (est.) - combustible

Same as F-30; similar floor failed by surface flaming and

collapse at 24 min., 3-(p.129).

F-32 Rating: (a) 30 min. (est.) - combustible

3-(p.128) - 5/8-in. gypsum and sand plaster; rating increased for

glass wood insulation.
(b) 45 min. (est.) - combustible

3-(pp. 133 and 134) - 5/8-in. cement. "'me or cnsum and sand

plaster.

F-33 Rating: (a and b) 20 min. (est.) - combustible
3-(p.128) - similar floor with joists 15 in. on centers failed

by flame through and collapse at 27 min.

F-34 Rating: 1 hr. - combustible
1-(p.99) - 1/2-in, plywood probably equivalent to subflooring;

ceiling tile probably compensates for lesser thickness of gypsum

board.

F-35 Rating: Not available
With tongue-and-groove sub- and finish flooring, rating is 25 or

30 min. (combustible), 2-(pp.4 and 5); 1/2-in, gypsum board will

provide 15 min. protection to joists, 4-(p.35).

F-36 Rating: (a and b) 1/2 hr. (est.) - combustible
2-(p.5) - paper pulp board and hardboard may be equivalent to

3/4-in, sub- and finish flooring; floor finish may increase

time to failure by temperature rise on the unexposed surface.

F-37 Rating: (a azd b) 1/2 hr. (est.) - combustible

Same as F-36; extra thickness of paper pulp board probably

compensates for wider spacing of joists.

F-38 Rating: 1/2 hr. (est.) - combustible
2-(p.5) - plywood subfloor and floor probably equivalent to

board flooring.

F-39 Rating; (a and b) 1 hr. (est.) - codbustible

1-(p.99) - plywood subflooring probably equivalent to board

flooring; 3crews in resilient channcls in (b) probably

equivalent to nails in wood joists.

F-40 Racing: (a and b) 1 hr. (est.) - combustible

1-(p.99) - plywood subflooring probably equivalent to board

flooring; mineral wool batts may increase time to failure by

temperature rise on unexposed surface, but not time to load

failure; resilient channels in (b) for holding gypsum board will

probably not cause a significant change in the endurance.

F-41 Rating: (a and b) 1 hr. (est.) - combustible

1-(p.99) - same as F-39; carpeting may increase time to failure

by temperature rise on the unexposed surface.
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F-42 Rating: (a and b) 1 hr. (est.) - combustible

1-(p.99) - same as F-39; carpeting on floor and mineral wool in

joist spaces may increase time to failure by temperature rise on

unexposed surface.

F-43 Rating: 45 min. (est.) - combustible

2-(p.4) - two 1/2-in, layers plywood and 1/2-in, glass fiber

board has more fire endurance than 1-in, tongue-and-groove

subflooring.

F-44 Rating: 45 min. (est.) - combustible

2-(pp.4 and 5) - 2-in, lesser depth of joists probably compensated

by extra thickness of gypsum board ceiling; with 2- by 10-in.

joists and nominal 1-in, sub- and finish flooring rating is 1 hr.,

1-(p.99).

F-45 Rating: (a) 1 hr. (est.) - combustible

1-(p.99) - lesser depth of joists compensated by fiber glass

insulation between joists; 1-in, total plywood flooring probably

equivalent to 3/4-in, sub- and finish flooring.

(b) 1/2 hr. (est.) - combustible

2-(p.6) - based on protection provided by gypsum wallboard ceil-

ing to joiats; fiberglass insulation will provide some

protection to 5/8-in, flooring and probably will increase endur-

ance.

F-46 Rating: (a and b) 45 min. (est.) - combustible

1-(p.99) - rating reduced for lesser depth of joists.

(c) 1/2 hr. (est.) - combustible

- based on protection provided by gypsum wallboard

ceiling to joists.

F-47 Rating: 1/2 hr. (est.) - combustible
2-(pp.4 and 5) - joists 2-in, lesser depth than normal; glass

fiber insulation may increase resistance.

F-48 Rating: 45 min. (est.) - combustible

- rating reduced because of 2-in, lesser than nz-rmal

depth of joists; 1 1/8-in, plywood flooring probably equivalent

to tongue-and-groove sub- and finish flooring; glass fiber

insulation may increase resistance.

F-49 Rating: 45 min. (est.) - combustible

- rating reduced because of 8-in, joists; plywood and

perlite concrete flooring probably equivalent to tongue-and-

groove sub- and finish flooring.

F-50 Rating: (a, b and c) 45 min. (est.) - combustible

Same as F-49; floor coverings may increase time to failure by

temperature rise on the unexposed surface, but endurance with

this type of floor usually limited by load failure.
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F-51 Rating: (a) 45 min. (est.) - combustible
3-(pp.133 and 134) - 518-in. plaster; reference indicates
failure by appearance of flame on surface; glass wool insulation
may increase endurance, but also may cause the joists, which are
1 in. less than in the referenced structure, to collapse by load
failure earlier in the Lest.

(b) 45 min. (est.) - combustible
Same as (a); sand may increase time to heat penetration, but
unless the weight of the sand is considered in the nailing of the
metal lath, its weight may cause early failure of the ceiling.

F-52 Rating: 45 min. (est.) - combustible
1-(p.99) - rating reduced because of lesser depth of joists;
fiber board in subflooring may contain heat and cause earlier
failure of the joists under load; same for mineral wool insula-
tion.

F-53 Rating: 45 min. (est.) - combustible
Same as F-52; plywood and cane fiber board floor probsbly
equivalent to 1-in, tongue-and-groove sub- and finish flooring.

F-54 Rating: not available
The 1/2-in, gypsum wallboard ceiling will give approximately 15
min. protection to combustibles, 2-(p.6); any temperature rise
occurring behind the wallboard ceiling will be quickly transmitted
to the paper pulpboard subfloor; no fire-retardant treatment
indicated for the pulpboard.

F-55 Rating: Not available
Same as F-54; greater thickness of pulpboard will probably
require longer time to burn thrugh.

F-56 Rating: (a and b) 3 hrs. (est.)
1-(pp.69 and 70) - perlite plaster equivalent to vermiculite.

F-57 Rating: (a and b) 3 hrs. (est.)
1-(pp.69 and 70) - gypsum and vermiculite or perlite plaster;
gypsum and sand plaster ceiling rating is approximately 2 1/2 hrs.

F-58 Rating: 1 hr. (est.) - combustible
1-(pp.64 and 65) - 1 5/8-in, foamed concrete topping on 5/8-in.
plywood probably equivalent to 2-in, concrete slab on metal lath.

F-59 Rating: 1 1/2 hrs. (est.)
1-(p.67) - rating reduced for sanded gypsum plaster (instead of
perlite) and plain gypsum lath (instead of perforated).

F-60 Rating: 1 1/2 hrs. (est.)
Same as F-59; floor coverings may slightly reduce time to load
failure by containing heat within floor structure.

F-61 Rating: 45 min. (est.) - combustible
1-(pp.64 and 65) - rating reduced from 1 hr. because of
substitution of plywood for concrete floor (plywood probably
does not provide equal stiffening and will retain heat in
structure, contributing to load failure of the steel joists).
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APPENDIX B

COMPARISON OF LABORATORY AND FIELD MEASUREMENTS

OF THE SOUND INSULATION OF WALL AND FLOOR STRUCTURES

I. INTRODUCTION
The results of early field tests gave birth to the general miscon-

ception that the agreement between laboratory and field measurements of
airborne sound insulation of nominally identical wall and floor struc-

tures /A rather poor. It has been stated, as a rule of thumb, that the

sound transmission loss values of wall and floor structures measured in

field installations may be 6 to 10 dB lower than those derived from
laboratory measurements. Unfortunately, many of the early investigations
from which this conclusion was drawn were conducted in an indiscriminate
manner, under undesirable conditions and often with unorthodox or

questionable methodology. Under such circumstances, the information
derived from comparisons of laboratory and field measurements is not only

doubtful, but may be erroneous and misleading.
Before an investigator can make a meaningful and valid comparison

of laboratory and field measurements of the sound insulating performance
of a given type of wall or floor structure, he must have a detailed and
thorough knowledge of all test conditions and other factoro bearing on
the accuracy of measurements in both the laboratory and the field
installation. Further, he must be sure that the construction of the
field specimen is nominally identical in all respects to that tested in
the laboratory. Such assurance can only be obtained by personal
observation of the construction and installation of the test specimen
in both the laboratory and field installations. The investigator should
not rely solely on building drawings, since wall and floor structures
shown in such drawings are not necessarily identical to those which are
eventually erected in the building.

In this connection, it might be useful to review the significance
of conducting sound insulation measurements in both laboratory and field
installations and briefly summarize the conditions of test and factors
which affect the outcome of such measurements.

II. LABORATORY MEASUREMENTS
In laboratory measurements of the sound insulation of wall and

floor structures, the test specimen is carefully constructed, installed
and properly sealed in a test opening between two massive highly-
reverberant chambers, usually of masonry or concrete construction. Such

chambers are specially designed and constructed to ensure that the sound
being measured is only that which is transmitted directly through the
test specimen and that the transmission of'sound by any indirect or
flanking path around the specimen is negligible. As a result of such
special precautions and carefully controlled conditions, the laboratory
test provides a measure of the optimum inherent sound insulating
capability of a wall or floor structure. The reproducibility of
laboratory measurements on different test samples of nominally identical
wall or floor structures is within I to 3 dB at any given frequency and
within equal or better limits in terms of an average or single-figure
rating such as the Sound Transmission Class, STC.

B-1



Within certain limitations, wall or flwr structures tested in the

laboratory can be deliberately modified to simulate field conditions

and conventional building practices. For example, measurements can be

made of the effects on the sound insulating behavior of a test wall due

to (a) variations iu the quality of workmanship and construction tech-

niques, (b) the installation of pipes or conduits within the wall and

(c) specific types of sound leaks, such as caused by the omission of

perimeter caulking, poor joint taping and the installation of electrical

outlets and pluMbing fixtures.

III. FIELD MEASUREMENTS
The primary objective of conducting field measurements usually is

to check the performancc of wall and floor structures within a building

for couformance with specified sound insulation criteria. Such meas-

urements frequently are difficult to perform because in most field

installations the conditions of test drastically depart from the closely-

controllad ideal conditions found in the laboratory.

The main departures are as follows:

(1) The wall or floor under test in the field becomes an integral

part of the bnilding complex because it is structurally coupled to the

skeletal frame, adjoining walls and floors or other structural components

of the building. As a consequence, the test specimen often is subjected

to stresses which result from the support of the dynamic and static

loads and the action of shearing forces within the building and which may

effect the sound insulatina performance of the test specimen.

(2) Flanking Round transmission paths exist in most field instal-

lations. Flanking paths for structure-borne noise and vibration are

formed by fhe structural ties of the various walls, floors and building

elements. Flanking paths for airborne noise are open corridors, ducts,

ceiling plenums, entrance foyers and staircase halls which are common

to or connect adjoining dwelling units.

(3) Direct air or aound leaks exist in most buildings, particu-

larly around pipe and duct penetrations, electrical and pluoibing outlets

and perimeter edges of the wall or floor under test.

(4) Unlike laboratory facilities in which the dimensions of the

test sheathers and specimens are fixed, wide variations in wall areas,

floor spans and room sizes and configurations are common in field

installations.
(5) Among some of the other unfavorable conditions commonly found

in the field are inadequate diffusion of sound, variable degrees of

sound absorption and high unsteady background noise levels in the rooms

in which tests ars to be conducted.

(6) Test procedures frequently are modified or improvised depend-

ing on circumstances and conditions encountered in the field.

Ali of the above departures tend to reduce the reproducibility and

accuracy of field measurements. However, the most serious sources of

error associated with field measurements generally are the flanking

transmission paths and direct sound leaks which create higher sound

pressure levels on the receiving side of the test wall that would be

produced by the transmission of sound directly through the wall alone.

These higher levels give the erroneous indication that the sound
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tranamission loss of the test wall is lower in value than that obtained

in the laboratory. Such low values often are obtained in the field even

when construction of the wall structure itself conforms exactly to that

tested in the laboratory. Lower sound transmission loss values alsc

occur in the field because walls are not built according to spezifica-

tions or careless workmanship nullifies their good sound insulating

capabilities.

IV. REQUIREMENTS FOR CONDUCTING COMPARATIVE TESTS

Based on the foregoing,.it is obvious that better agreement between

laboratory and field tests can be achieved if certain requirements and

precautionary measures are observed. First and foremost, sound insulation

measurements in the field should be made under conditions approaching as

closely as possible those found in the laboratory. This implies that:

(a) the construction and installation of the test npecimen in the field

must cordon exactly in every respect to that tested in the laboratory,

other than in area or size. This can be determined best by personal

observation of the specimen construction particularly in the field,

(b) precautionary measures must be taken in the field to ensure that all

sound flanking and leakage paths are minimized for greater accuracy

and precision,

(c) measurements should be made in unfurnished and preferably reverberant

rooms which are completely enclosed and of moderate size and simple

geomuxic configuration. Because of the difficulties of obtaining

accurate results, measurements in areas such as closets, corridors

or rooms which are very small, partially enclosed or have unusual

designs or configurations should be avoided,

(d) airborne sound transmission loss measurements in both the laboratory

and field installations should conform as closely as possible to the

"Tentattve Recommended Practice for Laboratory Measurements of

Airborne Sound Transmission Loss of Building Partitions", ASTM

Designation E90-66T of the American Society for Testing and Materials.

A method of test dealing with field measurements is currently under

development in a subcommittee of the ASTM. Future field teste

should be made in accordance with this method after it has been

adopted,

(e) measurements of impact sound transmission in both laboratory and

field installations should be made in accordance with a method

currently in use at the National Bureau of Standards. This method,

which is also presently under consideration by the same ASTM sub-

committee, is based in pert on the use of.a standard tapping machine

as specified in ISO R140-1960(E), "Field and Laboratory Measurements

of Airborne and Impact Sound Transmission," January 1960,

(0 data from field measurements must be normalized to the same reference

base as that used for the laboratory data.

V. COMPARISONS OF RECENT LABORATORY AND F/ELD MEASUREMENTS

A detailed analysis was made of airborne and impact sound insulation

data which were obtained from recent laboratory and field measurements

conducted on nominally identical walls and floor-ceiling assemblies.

Only those data were used which were obtained under the most favorable

laboratory and field conditions and which most closely fulfilled the
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above requirements. Some of these data vele obtained from multiple tests

performed on nominally identical specimens in both laboratory and field

installations. Such tests gave a reasonably accurate indication of th !

reproducibility of laboratory and field results, as well as a more

reliable determination of the sound insulating merits ot the various

test specimens invelved.

Since both wall and floor-ceiling structures were involv,d in this

investigation, separate comparisons of the laboratory and field test

results were made for each type of structure. In the case of wall

structures, comparisons were made only of the airborne sound transmission

loss measurements. With regard to floor-ceiling structures, laboratory

and field measurements were made of both airborne sound transmission loss

and impact sound transmission. Separate comparisons were conducted 'Jr

each type of measurement.
As a matter of convenience, the conclusions of the various laboratory

and field teat comparisons are reported in the order meutionod above.

VI. CONCLUSIONS

A WALL STRUCTURES: AIRBORNE SOUND INSULATION

1. When the conditions of test outlined in Section TV are met

as closely as practicable, the agreement between the resnits of laboratory

and field tests is generally as good as the reproducibility of laboratory

test data on two individual walls of nominally identical construction.

The sound transmission loss values obtained from field measurements

generally agtee within 1 to 3 dB of those derived from laboratory

measurements, at any discrete frequency band. In terms of a single-

figure rating, such as the Sound Transmission Class, STC, the agreement

between laboratory and field data is within one or two points.

2. If several different types of wall structures are tested in

the field, the rank ordering of the structures in terms of their airborne

sound insulating merits is found to be identical to the rank ordering of

the same wall structures tested in the laboratory.

3. On occasions, walls tested in the field will register sound

transmission loss values which exceed laboratory values by 1 or 2 dB.

These higher values occur when the field specimen is substantially larger

than that tested in the laboratory. For a given type of construction, a

large wall tends to be less stiff and thus may provide more sound insula-

tirn than a small wall.

4. Both load-bearing and nonload-bearing walls with good airborne

sound insulating capabilities can be constructed and installed in the

field at nominal cost and in full conformance with established building

construction disciplines and codes. However, in order to achieve optimum

performance it is imperative that the workmanship be carefully supervised.

A word of caution is offered at this point, so that the naive

individual might not make the basic assumption that the field measure-

ments of existing wall or floor constructions are always found to be in

close agreement with laboratory measurements. This is not the case at

all! In fact, field measurements on existing wall or floor ttructures

constructed with typical or normal workmanship would be as much as 8

to 10 dB loaer than those obtained from laboratory measurements.
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Close agreement between laboratory and field measurements is possible
only when the test specimens are of identical construction and the same
isolating techni les used in the laboratory installation are used in the
field.

B FLOOR-CEILING STRUCTURES: AIRBORNE SOUND INSULATION
Virtually the same conclusions as above can be drawn regarding the

agreement between the results of laboratory and field airborne sound
insulation measurements on floor-ceiling structures of nominally
identical construction. This applies to all types of floor-ceiling
structures including those which utilize floating floor systems and/or
resiliently hung ceiling assemblies.

C FLOOR-CEILING STRUCTURES: IMPACT SOUND INSULATION
Unfortunately, in this investigation, it was not possible to

determine the quantitative differences between the results of laboratory
and field measurements of impact sound insulation, because of the lack
of sufficient body of authentic and authoritative data. The scarcity
of data is due primarily to the fact that a strong interest in impact
testing did not develop until just recently. As a consequence, many of
the new floor-ceiling specimens tested in the laboratory have not as
yet been used in the field, to any great extent. Further, the wide
selections of floor surfacing and covering materials lessen the proba-
bility of finding identical floor-ceiling specimens on which to make
laboratory and field comparisons. Unlike measurements of airborne
sound insulation which are not seriously influenced by minor variations
of mass or edge restraints of the test specimen, impact sound insulation
is strongly dependent on the resilient characteristics of the floor

,surfacing material, the construction of the structural floor and the
degree of its vibrational ibolation from the building structure.

In laboratory measurements of impact sound transmission, the floor-
ceiling specimen is structurally isolated from the receiving room to
ensure that the impact sound being measured is only that which is trans-
mitted directly through the test specimen and that the leakage of sound
or sound transmission by any indirect path is negligible. Thus, the
laboratory test provides a measure of the optimum inherent impact sound
insulating capabilities of a floor-ceiling structure.

In the field, the floor-ceiling assembly is an integral part of the
building complex which is structurally bonded to load-bearing walls and
other supporting structures of the building. Such rigid ties form
numerous flanking paths for impact noise. As a consequence, a substan-
tial amount of impact sound energy may reach a receiving room by flanking
transmission through the walls enclosing it. In buildings of wood frame
construction, the total impact noise radiation from the walls of the
receiving room often may be as great or perhaps even exceed that from
the floor-ceiling specimen under test. As a result, the tmpact sound
insulation of a floor-ceiling specimen tested in the field may appear to be
substantially lower than that obtained for Lhe same type specimen tested
in the laboratory. This is particulatly true in the case of floor
structures with resiliently hung ceilings. The flanking paths generally
by-pass the suspended ceiling and thus render it ineffectual.

The sound insulation values of floors tested in the field generally
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will be lower than those,obtained from laboratory tests, since the

desired vibrational isolation of the floor from the building can not be

achieved to the same degree as it is in the laboratory. Such isolation

is difficult to achieve in practice because floor structures require

support, and as a consequence the vibrational isolation is rendered less

effective at the points of support. However, some floor-ceiling con-

structions have been developed which tmprove the acoustical decoupling

and preserve the structural support requirements. One such construction

consists of a structural support floor on which a floating floor is

erected and from which a gypsum board ceiling is suspended by resilient

hangers. This construction used in conjunction with support walls

employing resiliently mounted surfaces generally provides the best

impact sound insulation. It is estimated that the agreement between

laboratory and cield tests for such construction would be within 1 or 2

points.



APPENDIX C

A SUMMARY OF NOISE SOURCES

In order to obtain a better understanding of the character of the noise

produced by various appliances and other sources, an extensive survey of

acoustical literature was made for information concerning the intensity and

frequency distribution of the sounds produced by such sources of noise.

The following pages contain graphical representations of the noise

intensity as a function of frequency of some of the more common noise sources

found in and around the home. Some of the data were obtained from laboratory

measurements where the acoustical environment was known or could easily be

determined. However, the largest portion of the data was obtained in actual

installations where the acoustical environment was unknown. For this reason,

the information is presented as obtained from the literature with no attempt

to normalize to a reference reverberation time or reference space absorption.

The sound pressure levels should therefore be interpreted as the measured

levels of some sources in their particular environments; i.e., the same

sources in different installations could well produce greater or lesser noise

levels as the case might be.

A numbered bibliography of reference3 used in this survey of noise sources

appears at the end of this section. Information contained in each graph was

obtained from those references identified by number in the caption of each graph.
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